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DESCRIPTION

IMAGE PROCESSING DEVICE AND METHOD

TECHNICAL FIELD
0001]

The present disclosure relates to an image
processing device and an image processing method, and
more particularly, to an image progessing device and an
image processing method capable of improving the coding

efficiency in multi-viewpoint coding.

BACKGROUND ART
[0002]

In recent years, image information is handled as
digital data, and, for the purpcose of transmission and
accumulation of the information having high-efficiency at
that time, devices are widely used which compress and
code images by employing a coding svstem compressing
image information through an orthogonal transform such as
a discrete cosine transform and motion compression by
using the redundancy that is unigue to the image
informaticon. As examples of such a coding system, there
are MPEG (Moving Plcture Experts Group), H.264, MPEG-4
Part 10 (Advanced Video Coding, hereinafter, referred to
as AVC), and the like.

[0G03]

Currently, for the purpese of further improving the
coding efficiency to be higher than that of H.264/AVC,
standardization of a coding system called high efficiency
video ceding (HEVC) has been progressed by a joint

collaborartion team - video coding {JCTVC) that 1s a joint
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standardization crganization of the ITU-T and the ISC/IRC.
In addition, as an extension thereof, standardization of
coding of a multi-viewpoint image has been progressed in
parallel therewith, and as a draft for coding a multi-
viewpoint image, Non-Patent Document 1 has been izsued.
(0004 ]

Meanwhile, a reference list that is a list in which
candidates for a reference ilmage used for decoding a B
picture are aligned in a preferential order is
seguentially generated from the start of reference images
aligned in a preferential order in & temporal list that
is a temporary list.

[0005]

T
{

In Mon-Patent Document 1, the temporal list is
generated such that, after reference images disposed in
the time direction, reference images dispocsed in the view
direction are arranged. Thus, in order to raise the
preferential order of the reference images disposed in
the view direction within the temporal list, unless a
reference list command is used, it is difficul: to
arrange the reference images disposed in the view
direction in the reference list, and accordingly, 1t is
difficult to refer to the reference images disposed in
the view direction.

[0C06]

cF
Q

Thus, in Non-Fatent Document 2, it is proposad

transmit informaticn designating a position at which

n

reference image disposed in the view dirsction is
inserted among a gplurality of reference images disposed
in the time directioen using a slice header when a

temporal 1list is generated. Accordingly, in



congideration of a view-direction correlation, a reference
image disposed in the view direction can be inserted at a

preferable pogition in the temporal list.

CITATION LIST

NON~PATENT DOCUMENT

[0007]

Non-Patent Document 1: Gerhard Tech, Krzysztof Wegner, Ying
Chenn, Miska Hannuksela, “MV-HEVC Draft Textz”, JCT3V-B1004,
2012,11,07

Non-Patent Document 2: L1 Zhang, Ying Chen, Jewon Kang, “AHGS:

MV-Hevce goftware for HIMY, JCT3V-BOO46, 2012,10,07

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0008]

However, 1n the technology disclosed in Non-Patent
Document 2, alsc when it is not necessary to change the
insertion position of the reference image dispesed in the view
direction in the tempcral list, the slice header needs to be
transmitted, and there i1s concern that the coding efficiency
may decrease.

[coo9]
Embodimentg of the present invention improve the coding

efficiency in hierarchical coding or multi-viewpoint coding.

SOLUTICNS TO PROBLEMS
[0010]

According to an aspect of the present invention, there is
provided an image processing device including: a decoding unit

that generates an image by decceding a bit stream; a2 reference



list setting unit that sets a reference list being referred to
when the image generated by the decoding unit is predicted by
inserting a reference image that can be referred to in a layer
direction between a plurality of reference images that can be
referred to in a time direction; and a predicticn unit that
predicts the image generated by the decoding unit by referring
to the reference list set by the reference list setting unit,
wherein the reference list setting unit gets the reference
list by inserting the reference image that can be referred to
in the layer direction between a reference image located
before the image in time and a reference image located after
the image in time aﬁong the plurality of reference images that
can be referred to in the time direction.

{0011]

[0012]

The above-described reference list setting unit may set
the reference list by arranging images in a direction L0 in
order of reference images located before the image in time,
the reference 1image that can be referred to in the layer
direction, and reference images located after the image in
time.

[0013]

The above-described reference list setting unit may set

the reference list by arranging imageg in a direction L1 in

ordexr of reference images located affer the image in tCime, the



reference image that can be referred to in the layer direction,
and reference images located before the image in time.
[0014]

The above-described reference list setting unit may set
the reference 1list by alternately arranging the reference
image that can be referred to in the time direction and the
reference image that can be referred to in the layer direction.
[0015]

The above-described reference list setting unit may set
the reference list by alternately arranging an element of a
list of the reference images that can be referred to in the
time direction set in order of the reference images located
before the image in time and the reference images Ilocated
after the image in time and an element of a list of the
reference images that can be referred to in the Ilayer
direction, which is configured by the reference images that
can be referred tc in the layer direction, in a direction LO.
[0018]

The above-described reference list setting unit may set
the reference list by alternately arranging an element of a
list of the reference images that can be referred to in the
time direction set in order of the reference images lccated
after the image in time and the reference images located
before the image 1in time and an element of a list of the
reference images that can be referred to 1n the layer
direction, which is configured by the reference images that
can be referred to in the layer direction, in a direction L1.
[0017]

The above-degcribed reference list setting unit may set
the reference list by inserting the reference images that can

be referred to in the layer direction in a direction L1 with



crder of the reference image that can be referred to in the
layer direction being opposite to that of the case of a
direction LO.

[0018]

The above-described reference 1list setting unit may
incliude: a temporal list setting unit that sets a temporal
list that i1s a temporary list used for setting the reference
list by inserting the reference image that can be referred to
in the layer direction between the plurality of reference
imageg that can be referred to in the time direction; and a
reference image ligt setting unit that sets the reference list
based on the temporal list set by the temporal 1list setting
unitg,

[001¢9]

According to another aspect of the present invention,
there is provided an image processing method implemented in an
image processing device, the image processing method
including: generating an image by decoding a bit stream;
setting a reference list being referred to when the generated
image ig predicted by inserting a reference image that can be
referred to in a layer direction between a plurality of
reference images that can be referred to in a time direction;
and predicting the generated image by referring to the set
reference list, wherein the step of setting the reference list
sets the reference list by inserting the reference image that
can be referred to in the layer directicn between a reference
image located before the image in time and a reference image
located after the image 1in time among the plurality of

reference images that can be referred to in the time direction.



[0020]

Discleosed herein is an image processing device including:
a reference list setting unit that sets a reference list being
referred to when an image 1s predicted by inserting a
reference image that can be referred to in a layer direction
between a plurality of reference images that can be referred
to in a time direction; a prediction unit that predicts the
image by referring to the reference list set by the reference
list setting unit; and an encoding unit that generates a bit
stream by performing coding using the image predicted by the
prediction unit.

[0021]

The above-degcribed reference list setting unit may set
the reference list by inserting the reference image that can
be referred to in the layer direction between a reference
image located before the image in time and a reference image
located after the image in time among the plurality of
reference images that can be referred to in the time direction.
[o0z22]

The above-described reference list setting unit may set
the reference list by arranging images in a direction L0 in
order of reference images located bhefore the image in time,
the reference image that can be zreferred to in the layer
direction, and reference images located after the image in
time.

[0022]

The above-described reference list setting unit may set
the reference 1list by arranging images in a direction L1 in
order of reference imagesg located after the image in time, the

reference image that can be referred to in the layer direction,



and reference images located before the image in time.
[0024]

The above-described reference list setting unit may set
the reference list by alternately arranging the reference
image that can be referred to in the time direction and the
reference image that can be referred to in the layer direction.
[0025]

The above-described reference list setting unit may set
the reference lisgt by alternately arranging an element of a
list of the reference images that can be referred to in the
time direction set in order of the reference images located
before the image in time and the reference images located
after the image in time and an element of a 1list of the
reference images that can be referred to in the layer
direction, which is configured by the reference images that
can be referred to in the layer direction, in a direction LO.
[co26]

The above-described reference list setting unit may set
the reference list by alternately arranging an element of a
list of the reference images that can be referred to in the
time direction set in order of the reference images located
after the image in time and the reference images located
before the image in time and an element of a list of the
reference images that can be referred to in the layer
direction, which is configured by the reference images that
can be referred to in the layer direction, in a direction L1.
[0027]

The above-described reference list setting unit may set
the reference list by inserting the reference images that can
be referred to in the layer direction in a direction LI with

order of the reference image that can be referred to in the



layer direction being opposite to that of the case of a
direction LO.
foo28]

The above-described reference list setting unit may
include: a temporal list setting unit that sets a temporal
list that is a temporary list used for setting the reference
list by inserting the reference image that can be referred to
in the layer direction between the plurality of reference
images that can be referred to in the time direction; and a
reference image list setting unit that sets the reference list

based on the temporal list set by the temporal list setting

unit.
[0029]

Disclosed herein ig arn image processing method
implemented in an image processing device. The image

procesging method includes: setting a reference list being
referred toc when an image is predicted by inserting a
reference image that can be referred to in a layer direction
between a plurality of reference images that can be referred
to in a time direction; predicting the image by referring to
the set reference list; and generating a bit stream by
performing coding using the predicted image.

[0030]

According to embodiments of the present invention, an
image is generated by decoding a bit stream, and a reference
list being referred to when the image generated is predicted
is set by inserting a reference image that can be referred to
in a layer directilon between a plurality of reference images
that can be referred to 1in a time direction. Then, the

generated image i1s predicted by referring to the set reference



10

list.
{0031}

According to embodiments of the present invention, a
reference list being referred to when an image is predicted is
set by ingserting a reference image that can be referred to in
a layer direction between a plurality of reference images that
can be referred to in a time direction. Then, the image is
predicted by referring to the set reference list, and a bit
gtream is generated by performing coding using the predicted
image.

[0032]

Here, the above-described image processing device may be

an independent device or an internal block that configureg one

image encoding device or image decoding device.

EFFECTS OF THE INVENTION
[0033]

According tc embodiments of the present invention, an
image can be decoded. Particularly, the coding efficiency can
be improved.

[0034]

According to embodiments of the present invention, an

image can be coded. Particularly, the coding efficiency can be

improved.

BRIEF DESCRIPTION OF DRAWINGS

[0035]
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Fig., 1 is a block diagram that illustrates an
example ¢f the main confilguration of an image encoding
device.

Fig. 2 is an explanatory diagram that illustrates

{41

an example of the structure of reference images.

Fig. 3 is a diasgram that iilustrates an exanple of

a conventional method of generating a reference list.

Fig. 4 is a diagram that i1llustrates another

example of a conventional method of generating a

18  reference list.

Fig. 5 1s a diagram that illustrates an example of
a method cf generating a reference list according to the
prasent technology.

Fig. & 1s a diagram that illustrates another

15 example of a methoed of generating a reference list
according to the present technology.

Fig. 7 1s & diagram that illustrates a compariscn
between the present technoleogy and a conventional
technology.

20 Fig. 8 1s a dizgram that illustrates the
arrangement order of inter-view lmages according to the
presant technology.

Fig. ¢ 1s a diagram that illustrates a method of
changing the arrangement order of inter-view ilmages

25 according to the present technology.

Fig. 18 is a block diagram that illustrates an
example of the configuration of a reference list
generating unit illustrated in Fig. 1.

Fig. 11 1is a flowchart that illustrates an example

30 of the flow of a coding process.

Fig. i2 is a flowchart that illustrates an example
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flow of a reference list generating process.

13 is a flowchart that illustrates another

the flow of the reference list generating

is a block diagram that illustrates an

4
the main configuration of an image decoding

15 is a block diagram that 1llustrates an
the configuration of a refarence list

unit illustrated in Fig. 14.

1¢ is a flowchart that illustrates an example

process.

17 is a flowchart that illustrates an example

of the flow of a reference list gensrating process.

Fig.
example of
Drocess.

Fig.

H

aexample of
device.
Fig.
example of
device.
Fig.
example of

Fi

fe

example of

apparatus,

18 is & flowchart that illustrates another

the flow of the reference list generating

19 i3 a block diagram that illustrates another

the main configuration of an image encoding

20 is a block diagram that illustrates another

the main configuration of an image decoding

21 is a block diagram that illustrates an

a}

the main configuration of a computer.
22 1s a block diagram that illustrates an
the schematic configuration of a television
22 i1s a block diagram that i1llustrates an
the schematic configuration of a mobile phone.

24 1s a block diagram that 1llustrates an
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example of the schematlc configuration of a
recording/reproducing apparatus.

Fig. 25 is a bleock diagram that illustrates an
example of the schematic configuration of an imaging
apparatus.

Fig. 2& is a block diagram that illustrates an
example of the schematic configuration of a video set.

Fig. 27 is a block diagram that Llllustrates an
example of the schematic configuration of a wvideo
DProcessor.

Fig. 28 ls a block diagram that iilustrates another
example of the schematic configuration of the video

Lrocessor.

MODE FOR CARRYING CUT THE INVENTION
[0036]

Hereinafter, embodiments for executing the present
disclosure {hereinafter, referrsd to as smbodiments) will
be describasd. The description will be presented in the
following order.

1. First Embodiment {(Image Encoding Device)

2. Second Embodiment {Image Decoding Device)

3. Third Embodiment {Image Encoding Device and
Image Decoding Device of an AVC System;

4. Fourth Embodiment [(Computer)

5. Application Example

£. Fifth Embodiment (Set/Unit/Module/Processor)
(0037}
<First Embodiment>
[Description of Hierarchical Coding]

The image coding systems such as MPEGZ and AVC
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described until now have a scalability function.
Scalable coding (hierarchical coding) is a system in
which an image is configured by multiple lavers
(hierarchizing}, and coding is performed for sach layer.
[0038]

In hierarchizing an image, one image is divided
inte a plurality of images {(layers) by referring to a
predetermined parameter. Basically, each layer is
configured by differential data so as to reduce the
redundancy. For example, in a case where one image is
hierarchized into twe layers including a baszse layer and
an enhancement layer, an image having a guality lower
than the original image is acguired by using only the
data of the base layer, and the original image (in other
words, & nigh-quality image} is acquired by composing the
data of the base laver and the data of the enhancement
layer,

{0039]

By hisrarchizing the image in this way, images of
various gqualities can be easily acguired according to the
situation. For example, as in a case where, Lo a
terminal having a low processing capability such as a
mobile phone, image compression information of only a
pase layer is transmitted, and a moving image having low
spatial/temporal resclution or a low image guality is
reproduced, and, to a terminal having a high processing
capability such as a television set or a perscnal
computer, image compression information of an enhancement
layer in addition to the base layer 1s transmitted, and a
moving image having high spatial/temporal resolution cr a

high image guality ls reproduced, the image compression
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information accerding to the capability of the terminal
or the network can be transmitted from a server without
performing trans-¢ode processing.

(00407

As a parameter enabling such scalability, for
axample, there is spatlial resocolution (spatial
scalabllity). In the case of this spatial scalability,
the resolution 1s different for each layar. In other
words, each picture is hierarchized into two hierarchies
of the base lavyer having spatial resolution lower than
the original image and the enhancement layer that can be
used for acguiring the original image (original spatial
resolution} by being composed with the image of the base
laver. It is apparent that the number of hierarchies is
an example, and the picture can be hierarchized into an
arbitrary number of hierarchies.

[oo41)

As another parametsr having such scalability, for
example, there is temporal resolution {temporal
scalability}. In the case of this temporal scalability,

rate is different for each laver. In other
words, in this case, since an image 1s hierarchized into
layvers having mutually-different frame rates, by adding a
laver of a high frame rate to a layer of a low frame rate,
a moving image having a higher frame rate can be acgquired,
and, by adding all the layers, the coriginal moving image
{the original frame rate} can be acguired. Here, the
number of hierarchies is an example, and the image can be
hierarchized for an arbitrary number of hierarchies.
[06042)

In addition, as another parameter enabling such
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scalability, for example, a signal to noise ratio (SHR)
may be applied (SNR scalability). In the case of this

SNR scalabliity, the 5N ratioc is different for =ach laver.
In other words, each picture is hierarchized into two
hierarchies including a base layer having an SNR lower
than the original image and an enhancement layer capable
of acguiring the original image {original SNR) by being
cemposed with an image of the base layer. In other words,
in the base layer image compression information,
information relating to an image having a low PSNR 1is
transmitted, and, by adding enhancement layer image
compression information thereto, an image having a high
PENR can be rebuilt. It is apparent that the number of
hierarchies is an example, and the image can be
hierarchized for an arbitrary number o©f hierarchies.
(004371

It is apparent that a parameter having the
scalability may be cother than those of the examples
described above. TFor example, there is bit-depth
scalability in which a base layer is configured by an 8-
kit image, and, by adding an enhancement layer thereto,
an image of 10 bits is acquired.

[00G44]

In addition, there is chroma scalability in which a
base layer 1is confilgured by a component image of the
4:2:0 format, and a component image of the 4:2:2 format
is acguired by adding an enhancement layer thereto.

(00451

Furthermore, as a parameter enabling the

scalability, there is a multiview. In this case, each

picture is hilerarchized into layers of mutually-different
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views (viewpolnts).
i004e)

The layer described in this embodiment includes the
spatial, the temporal SNR, the bit depth, the colox, the
view, and the like of the scalability coding described
above.

0047]

The term “layer” used in this specification
includes each layer of the scalable (hierarchical) coding
described above and sach view at the time of considering
multiviews of the multi-viewpoints.

[0048]
Bereinafiter, while the view will bs described as an

example, by substituting the view with another layer, the

o

present technology can be similariy applied to the other
layers described above.

[004¢]

{Configuration Example of Image Encoding Device]

Fig. 1 illustrates of the configuration of an image
ancoding device according to an embodiment as an image
processing device to which the present disclosure 1is
applied.

[00507%

An image encoding device 100 illustrated in Fig. 1
codes image data by using a prediction process. Here, as
the coding systen, for example, the HEVC system or the
like is used. In other words, the image encoding device
100 performs the process in units of CUs (coding units).
[0051]

In the sxample 1llustrated in Fig. 1, the image

encoding device 100 includes: an A/D (analog/digital)
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converter 101; 2 screen rearrangement buffer 102; a
calculation unit 103; an orthogonal transform unit 104; a
guantization unit 105; a lossless encoding unit 106; and
an zccumulation buffer I107. In addition, the image
encoding device 100 incliudes: an inverse guantization
unit 108; an inverse orthogonal transform unit 10%; a
calculation unit 110; & deblocking filter 111; a deccded
picture buffer 112; a selection unit 113; an intra
prediction unit 114; a motion parallax
prediction/compensation unit 115; a selection unit 116;
and a rate control unit 117.

[0052)

Furthermore, the image encoding device 100
inciudes: a syntax processing unit 121; a reference list
gengrating unit 1Z2; an adaptable offset Ffilter 123; and
an adaptive loop filter 124.

[0053]

The A/D converter 101 performs A/D conversion of
input image data and cutputs regultant image data to the
screen rearrangement buffer 102 so as to be stored
therein.

(00547

The screen rearrangement buffer 102 rearranges
stored images, which are in display order of framas, in
order of frames for coding in asccordance with a group of
cicture (GOP;. The screen rearrangémeﬂt buffer 102
supplies the image of which the order of frames has been
rearranged to the syntax processing unit 121.

[0055]
The syntax processing unit 121 sequentially checks

the data of an image read from the screen rearrangsment
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buffer 102 and inserts header information, which is
supplied from a previous stage not illustrated in the
figure, into the data of the image. The header
information, for example, includes a video parameter set
{(VPS), & seguence parameter set (8PF3), a picture
parameter set {(PPS), and the like. In addition, the
syntax processing unit 121 adds a slice header (SH] to
the start of a slice.

[0056]

The syntax processing unit 121 supplies the image
into which the hesader information and the like are
inserted to the calculation unit 103, the intra
prediction unit 114, and the metion parallax
prediction/compensation unit 115, In addition, the
syntax processing unit 121 supplies each header
information and information such as the slice header to
the reference list generating unit 122Z.

10057]

The calculation unit 103 subtracts a predicted
image supplied from the intra prediction unit 114 or the
motlon parallax prediction/compensation unit 112 from an
image supplied from the syntax processing unit 121
through the selection unit 116 and outputs differential
information thereof to the crthogonal transform unit 104.
100581

For example, in the case of an image for which
intra coding is performed, the calculation unit 103
subtracts the predicted image supplied from the intra
prediction unit 114 from the image supplied from the
syntax processing unit 121. On the other hand, for

example, in the case of an image for which inter coding
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is performed, the calculation unit 103 subtracts the
predicted image supplied from the motion parallax
prediction/compensaticon unit 115 from the image supplisd
from the syntax processing unit 121.

[005%]

The orthogonal transform unit 104 performs an
orthogeonal transform such as a discrete cosine transform
cor a Rarhunen-Loeve transform for the differential
information supplied from the calculation unit 103, and
supplies a transform coefficient thereof to the
guantization unit 105,

[GO60]

The guantization unit 105 performs guantization of
the transform coesfficient the orthogonal transform unit
104 outputs. The guantization unit 105 supplies the

uantized transgform voefficient to the lossless encoding
unit 106.
[0061]

The lossless encoding unit 106 performs lossless
coding such as variable-length coding or arithmetic
coding for the quantized transform coefficient.

10062}

The lossless encoding unif? 106 acguires information
representing an intra prediction mode and the like from
the intra prediction unit 114 and acquires information
representing an inter prediction mode, motion vector
information, and the like from the motion parallax
predicticon/compensation unit 115,

100637
The lossless encoding unit 106 codes the guantized

transform cosefficient and sets the intra prediction nmode
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information, thea inter prediction mode informatvtion, the
motion vector information, and the gquantization parameter
as a part of the header information of the coded data
{multiplexing). The lossless encoding unit 106 supplies
the coded date acqguired by the coding process to the
accumulation buffer 107 sc as to be accumulated therein.
(0064}

For example, the lossless encoding unit 106
performs a lossless coding process such as a variable-—
length coding process or an arithmetic coding process.

As the variable~length coding, for example, there is a
context-adaptive variable length coding {CAVILC) or the
like. As the arithmetic coding, for example, there is
context-adaptive binary arithmetic coding (CABAC) or the
like.

F00€65]

The accumulation huffer 107 temporarily stores the
coded data supplied from the lossless encoding unit 10¢
and outputs the stored coded data at predetermined timing,
for example, to an image decoding device dispossd on a
later stage, a recording device, a transmission line, and
the like not illustrated in the figure as a coded image
that has been coded.

[0064]

In addition, the transform coefficient guantizad by
the guantization unit 105 is supplied also to the inverse
guantization unit 108. The inverse guantizatiocon unit 108
performs inverse guantization of the quantirzed transform
cogfficient by using a method corresponding to the
guantization process performed by the guantization unit

105. The inverse quantlzation unit 108 supplies the
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acguired transform coefficient to the inverse orthogonal
transform unit 109,
[0067]

The inverse orthogonal transform unit 109 performs
an inverse orthogonal transform of the supplied transform
coefficient by using a method corresponding to the
grthogonal transform process perfcormed by the crthogonal
transform unit 104. An output (the diffsrential
information that is restored) for which the inverse
orthogonal transform has been performed is supplied to
the calculation unit 110.

[0068]

The calculation unit 110 adds the predicted image
supplied from the intra prediction unit 114 or the motion
parallax prediction/compensation unit 115 through the
selection unit 116 to a result of the inverse orthogeonal
transform that is supplied from the inverse orthogonal
transform unit 1902, in other words, the restored
differential information, thereby acguiring a locally-~
deccded image (decoded image).

(0Ce9]

For ezxample, in a case where the differential
information corresponds te an image for which the intra
coding process is performed, the calculaticn unit 110
adds the predicted image supplied from the intra
prediction unit 114 toc the differential informaticn. In
addition, for example, in a case where the differential
information corresponds o an image for which the inter
coding process 1s performed, the calculation unit 110
adds the predicted image supplisd from the motion

parallax predicition/compensation unit 115 to the
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differential information.
[0070]

The resulit of the additiocn is supplied to the
deblocking filter 111 and the decoded picture buffer 112.
[0G71]

The deblocking filter 111 appropriately performs a
deblocking f£ilter process, thereby eliminating a block
distortion of the decoded image. The deblocking filter
111 supplies a result of the filter process to the
adaptive offset filter 123.

[00721]

The adaptive offset filter 122 performs an adaptive
offset filter (SAQ: Sample adaptive offsel) process,
which mainly eliminates ringing, for the image after the
deblocking filter process performed by the deblocking
filtexr 111.

(00737

Described in more detall, the adaptive offset
filter 123 determines Zhe type of an adaptive offset
filter process for each largest coding unit {LCU} that is
a maximal encoding unit and acguires an offset used in
the adaptive offset filter process. The adapiive cifset
filter 123 performs the adaptive offset filter process of
the determined type for the image after the adaptive
deblocking filter process by using the acquired offset.
Then, the adaptive offset filter 123 supplies the image
after the adaptive offset filter process to the adaptive
loeop filter 124.

[0G741
In addition, the adaptive offset filter 123

includes & buiter in which the offset is stored. The
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adaptive offset filter 123 determines whether or not the
offset used in the adaptive deblocking filter process has
already been stored in the buffer for each LCU.

{00751

In a case where it 1s determined that the offset
used in the adaptive deblocking fllter process has
already been stored in the buffer, the adaptive cffset
filter 123 sets a storage flag, which represents whether
the offset is stored in the buffer, to a value (here,
"17}) representing that the offset is stored in the buffer.
[007¢6]

Then, the adaptive offset filter 123 supplies the
storage flag set to “17, an index that reprssents a
storage position of the offset in the buffer, and type
information that represents the type of the performed
adaptive offset filter process to the lossless encoding

unit 106 for sach LCU.

On the other hand, in & case whers it i1s determined
that the offsget used in the adaptive deblocking filter
process has not been stored yet in the buffer, the
adaptive offset filter 123 seguentially stores the coffset
in the buffer. In addition, the adaptive offset filter
123 sets the storage flag to a value {(here, “07)
representing that the offset is not stored in the buifer.
Then, the adaptive offset filter 123 supplies the storage
flag set to Y07, the offset, and the type information to
the lossless encoding unit 106 for each LCU.
roavel

The adaptive loocp filter 124 performs an adaptive

loop filter (ALF) process for the image after the
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adaptive offset filter process, which is supplied from
the adaptive coffset filter 123, for example, for sach LCU.
As the adaptive loop filter process, for example, a
process using & two-dimensional Weiner filter is used.

It 1s apparent that a filter other than the Wiener filter
may be used.

[0078}

More specifically, the adaptive loop filter 124,
for each LCU, calculates a filter coefficient used in the
adaptive loop filter process such that a residual between
the original image that is the image output from the
syntax processing unit 121 and the image after the
adaptive loop filter progess 1s minimal. Then, the
adaptive lcop filter 124 performs an adaptive leop filter
process by using the calculated filter coefficient for
the image after the adaptive offset fillter process for
sach LCU.

[0080]

The adaptive loop filter 124 supplies the image
after the adaptive loop filter process to the decoded
picture buffer 112. In addition, the adaptive loop
filter 124 supplies the filter coefficient to the
lossless encoding unit 109.

[oosi)

Here, the adaptive locop filter process is performed
for sach LCU, the processing unit of the adaptive loop
filter process is not limited teo the LCU. However, by
matching the processing units of the adaptive offsst
filter 123 and the adaptive lcop filrer 124, the progess
can be efficiently performed.

(0082
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The decoded pilcture buffer 112 outputs the
accumulated reference image at predetermined timing to
the intra predicition unit 114 or the motion parallax
prediction/compensation unit 115 through the selection
unit 113.

[GG83]

For example, in the case of an image for which the
intra coding is performed, the decoded picture buffer 112
supplies the reference image to the intra prediction unit
114 through the selection unit 113. On the other hand,
for example, in & case where the inter coding is

performed, the decoded picture buffe

F

112 supplies the
reference image to the moticon parallax
prediction/compensation wnit 113 through the selection
unit 1132,

[0084}

In a case where the reference image supplied from
the decoded picture buffer 112 1s an image for which the
intra coding is performed, the selection unit 113
supplies the reference image te the intra prediction unit
114. ©On the cther hand, in a case where the reference
image supplied from the deccoded picture buffer 112 is an
image for which the inter coding is performed, the
selaction unit 113 supplies the reference image to the
metion parallax prediction/compensation unit 115.

[0085]

The intra prediction unit 114 performs an intra
prediction {in-screen prediction! for generating a
predicted image by using an in-screen pixel value of an
input image supplied from the syntax processing unit 121,

The intra prediction unit 114 performs the intra
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prediction in a plurality of modes (intra prediction
mnodes) .
100861

The intra prediction unit 114 generates predicted
images in all the intra prediction modes, evaluates each
pradicted image, and selects an optimal mode. When the
optimal intra prediction mode is selected, the intra
prediction unit 114 supplies the predicted image
generated in the optical mode to the calculation unit 103
or the calculation unit 110 through the selecticon unit
116.

[6087)

In addition, as described abowve, the intra
prediction unit 114 appropriately supplies information
such as intra prediction mode information representing
the used intra prediction mode to the lossless encoding
unitc 166.

[0088]

The motion parallax prediction/ccompensation unit
115 performs a motion parallax prediction for the image
for which the inter coding is performed by using the
input image supplied from the syntax processing unit 121
and the reference image supplied from the decoded picture
buffer 112 through the selection unit 113. At that time,
the motion parallax prediction/compensation unit 115 uses
a reference image of a reference image index that is
represented in a reference list generated by the
reference list generating unit 122. The motion parallax
prediction/compensation unit 115 performs a motion
marallax compensation process according to a detected

motion parallax vector, thereby generating a predicted
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image (inter predicted image information).
(0089}

The motion parallax prediction/compensation unit
115 performs the inter prediction process of each of all
the inter prediction modes that are candidates, thereby
generating predicted images. The motion parallax
prediction/compensation unit 115 supplies the generated
predicted image to the calculation unit 103 or the
calculation unit 110 through the selection unit 116.
[0090]

In addition, the motion parallax
prediction/compensation unit 115 supplies inter
prediction mode information representing the used intex
prediction moede and motion vector information
representing the calculated motion vector to the lossless
enceding unit 106,

[gos1)

The selection vnit 116 supplies the cutput of the
intra pradiction unit 114 to the calculation unit 103 ozr
the caleculation unit 110 in the case of an image for
which the intra coding is performed and supplies the
cutput of the motion parallax prediction/compensation
unit 115 to the calculation unit 103 or the calculation
unit 110 in the case of an imege for which the inter
coding is performed.

(0092}

The rate control unit 117 controls the rate of the
gquantization operation of the quantization unit 105 based
on & compressed image stored in the accumulation buffer
107 such that overflow or under flow does not occur.

100931
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The reference list generating unit 122 generates a
reference list that ls referred to when the motion
parallax prediction/compensation unit 115 predicts a
current image by using infermation (POC information and
view information) of a reference image accumulated in the
decoded picture buffer 112Z. At that time, the reference
list generating unit 122 generates the reference list by
inserting reference images that can be referred to in the
view directiocn between a plurality of reference imagss
that can bhe referred to in the time direction.

[00%4]

In other words, the reference list gensrating unit
122 generates a temporal list that 1is a temporary list
used when the refererice list is generated by inserting
reference images that can be referred to in the view
direction between a plurality of reference images that

can be referred to in the time direction. Then, the

&y

eference list generating unit 122 generates a reference
list based on the gensrated temporal list.
160953

Hare, the reference images that can be referrad to
in the time direction are reference images that can be
referred to at different Time points, and the reference
images that can be referrad to in the view {layer)
direction are reference images that can be referred to at
different views (lavyers).
[¢os9s]
[Structure of Reference Image]

Next, the structure cof the reference image
according to the HEVC system will be described with

reference to Fig. 2.
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[0097]

In the example illustrated in Fig. 2, in order of
POC from the left side, long-term (LT) refersnce inages,
short~term (before) reference images (Short-term before
Curr: 3ThC), a current image in which “C” is represented,
and short-term (after) reference images (Short-term after
Curr: §TaC) are illustrated. In addition, in order of
the view (parallax} direction from the lower side, the
current image in which “CY is represented, and inter-—-view
{IV) reference images are i1lliustrated. In addifticn, a
number represented in each reference image represents an
arrvangement index of esach reference image in the decoded
plicture buffer 112.

[ocossl

In the HEVC system, when an inter prediction is
performed, four kinds of images including the long-term
reference images, the short-term (before) reference
images, the short-term (after) reference lmages, and the
inter-view reference images illustrated in Fig. 2 can be
sef as candidates for a reference inage.

[0099]

The short-term {(befcre) reference ilmages are short-
term reference images located before the current image
(PCC is smaller), in which “C" is represented, in time
within the same view, and the short-term (after)
reference images are shori-ternm reference images located
after the current image (POC is larger) in time within
the same view. In addition, the long-term reference
images are reference images designated as reference
images of a long term within the same view. The inter-

view reference images are reference lmages of differant
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views at the same itime.
[0100]
[Conventional Method 1 of Generating Reference List]

Next, a methced of generating a default reference
list of the HEVC system will be described as a
conventional method 1 with reference to Fig. 3. 1In an
exampie lllustrated in Fig. 3, as the example in which
four reference images are referred to, a list
{arrangement) (RefPicSetStCurrBefore{il) of sheort-term
{before) reference images, a list
(RefPicSetStCurrhfterii]l) of short-term (after) reference
images, a list (RefPicSetlLtCurr(i]) of long-term
reference images, and a list (RefPicSetIvCurri{i]) (i:
index = 0 to 3) of inter-view reference Images in the
decoded picturs buffer 112 are illustrated.
[0L01]

For the short~term reference images, in the syntax
of the slice header or the RBPS {Referance Picture Set), a
flag used by curr is set to each image having a
possibility of being referred te. The RPS is a syntax
used for clearly indicating the state of the decoded
picture buffer for esach plcture included in the SPS. For
the long-term reference images, in the syntax of the
slice header or the 5P3, the fiag used by curr is set to
each image having a possibility of being referred to.
Only each image of which the flag used by curr is ™17 is
added to the temporal list that is a temporary list used
when the reference list is generated. In addition, since
the flag used by curr is not set to inter-view reference
images, all the inter-view reference 1lmages arrangad in

‘he list of inter-view reference images are added o the
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temporal list.

01627

In the example represented in Fig. 3,

list

temporal list

Lij}

images are

f01c3]

The temporal list

generated

ig set to

(RefPicListTenmpl{rIdx])

that are generated from

a temporal

of LO (direction LO) and a

(RefPicListTempl [rIdx]} of L1 {(dirsction

such lists of reference
illustrated.

(RefPiclistTenpl{ridx}) of L0 is
by adding images of which the flag used by curr
wiv reference

in order of a short—term (before}

image, a short-term {(after) reference image, a long-ternm
reference image, and an inter-view reference image.
Accordingly, the temporal list {(RefPiclistTempO{rIdx]) of
L0 is generated in order of short-term {beafcre) reference
images of indexes “07 and “17, short-term {after}
reference images of indexss V07 and ™17, a long~term

reference
images of
{01043
The
generated

18 sst to

a
reference

Accordingl

images of

a short-term

image of an index 07, and inter-view reference

\iOl} to

\\’D’Jt

indexes

temporal list (RefPichistTempllrIdx}) of LI is

by adding images of which the flag used by curr

B in order of a short-term (after) reference

{before) reference image, a long-term

image, and an inter-view reference image.

v, the temporal list {(RefPilclistTempllrldx]) of
L1 is generated in order of short-texm {after) referance

indexes “07 and “17, short-term (before)

images of indexes ™07 and 17, a long-term

reference

-3

referance

images of

image of index “0”, and inter-view reference

indexes “0" to Y37,
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In additicn, in the example represented in Fig. 3,
a reference list {RefPicListO{rIidx]) of LG that is
generated based on the temporalil list of L0 and a
reference 1ist {(RefPiclistl[ridx]l} of L1 that is
generated bkased on the temporal list of L1 are
illustrated.

(0100}

Here, as the syntax of the slice header or the 3P3,
in the temporal list, as the number of referable images,
num ref idx 10 active minusl and
num ref 1dx 11 active minusl are set. From the start of
the temporal list of LO/Ll, the number of reference
images is limited thereby, and only the reference ilmages
are added to the reference list and can be used as the
reference images.

[(0107]

For example, in a case where
num_ref idx 10 active minusl is “47, images of the start
{the first from the lefit side) to the £ifth of the
temporal list of L0 are added to a reference 1list
(RefPilclistO{rIdx}) of LO, whereby the reference list of
1.0 is generated. In the case of the example illustrated
in Fig. 2, the reference 1ist of LU is generated in orderx
of short-term (before) reference images cf indexes “07
and “1", short-term (after) reference images of indexes
“O0 and 17, and a long-term refersnce image of index “07.
10108]

For example, in a case where
num_rei idx 11 active minusl 1s ™37, images of the start

to the fourth of the temporal list of L}l are added to a
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reference list (RefPiclListli{rlidxl) of L1, whereby the
reference list of L1 is generated. In the case of the
example i1llustrated in Fig. 3, the reference list of LI
is generated in order of a short-term (after) reference
images of indexes “0” and “17 and shorit-term (hefore)
reference images of indexes “0” and “1i7.

[0109}

Az above, according to the HEVC system, the
temporal list 1s generated such that, afiter reference
images disposed in the time direction, reference ilmages
disposed in the view direction are arranged. Thus, 1t is
difficult to arrange the reference images disposed in the
view direction in the reference list.

(01101

In addition, according to the HEV(C system, a change
command for a reference list is defined, and, by
transmitting the change command, ilmages that are freely
rearranged in the temporal list can be inserted into the
reference list. Accordingly, a reference image disposed
in the view direction can be referred to. However, since
the change command 1s transmitied in the syntax, an
additional bit is generated.

[¢111]

in other words, in the case of the method described
above, while there is no problem when the time
correlation 1s extremely higher than the view correlation,
in a general seguence, bthe correlation among views 1s not
markedly low, and thus, it is necessary Lo use a
raference list command for performing a parallaxn
prediction.

(0112]
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Thus, in Hon-Patent Document 2, 1t has been
proposed to transmit information designating a position
at which a reference image disposed in the view directicon
is to be inserted among a plurality of reference images
disposed in the time direction using a slice header when
a temporal list is gsnerated.

(01131
[Conventional Method 2 of Generating Reference List]

Next, a method c¢f generating a default reference
1list described in Non-Patent Document 2 will be described
as a conventional method 2 with reference to Fig. 4. In

Fig. 4, conly an sxwample of LD is described.

Aooording to the method described in Non-Patent
Document 2, until the temporal iist is generated, the
process iz similar toc that of the HEVC system, and
repetitive description thereof will not be presented hers.
(0115}

In other words, the temporal list
(RefPicListTenmpO{rIdx]) of L0, similar to the HEVC system,
is generated by adding images of which the flag
used by curr is set to “1” in order of & short-term
{before) reference image, a short-term (after) reference
image, & long-term refersnce Ilmage, and an inter-view
reference image. Accordingly, the temporal list
(RefPicListTempO[ridx]l}! of LO is generated in order of
short-term (before} refersnce images of indexes “(” and
Y17, short-tarm {(after) reference images of indexes “07
and “17, a long-term reference image of an index “G", and
inter-view reference lmages of indexes “07 to “37.

[01l16]
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Here, in the case of the method described in Non-
Patent Document Z, a position
(inter view ref start position) at which the inter-view
reference image is inserted in the temporal list is set
in a slice header sxtension and is transmitted.
L0117

For exampls, according to the position
inter view ref start position, as denoted by arreow PIL, a
second position from the start (first) of the temporal
list is designated. In such a case, the temporal list
(RefPicListTempO[rIdx]) of LO is generated in order of a
short-term (before) reference image of index 07, inter-
view reference images of indexes “0” to ™37, a short-term
{before) reference image of index “17, short-term {aftexr}
reference lmages of indexes 07 and “1”, and a long-term
reference image of index “07.
(01181

In such a case, the reference list of LO is
generated according to num ref idx 10 active minusl = 4
in order of a short-term (before) reference image of
index “0” and inter-view reference images of indexes ™07
te “37.
{0118

In addition, for example, according to the position
inter view ref start position, as dencted by arrow P2, a
third positicn from the start (fivst) of the temporal
list is designated. In such a case, the temporal list
{RefPiclistTempO[rIdx]) of LO is generated in order of
short—term (before) raference images of indexes “07 and
®17, inter-view reference images of indexes 07 to ™37,

short-term (aftexr) reference images of indexes 0" and
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“17, and a long-term reference image of index “0”.
[0120]

In such a case, the reference list of L{ is
generated according to num _ref idx 10 active minusl = 4
in order of short-term {before) reference images of
indexes “07 and “17 and inter-view refesrence images of
indexzes “0” to “27.

[6121]

In addition, for example, according to the position
inter view ref start position, a&s denoted by arrow P3, a
fourth position from the start (first) of the temporal
list is designated. In such a case, the temporal list
{(RefPiclistTemplirldx]) of LO is generated in order of
short~term {(before} reference images of indexes ™7 and
“i7, a short-term {after) reference image of index “{%,
inter-view reference images of indexes “07 to “37, a
short~term {after) reference ilmage of index ™17, and a
long-term reference image of index “07.

[0122]

In such a case, the reference list of L0 is
generated according to num ref idx 10 active minusi = 4
in order of short-term (before] reference images of
indexes “07” and “17”, a short-term (after) reference image
cf index “0%, and inter-view reference images of indexes
07 oro N1,

As above, according to the method disclosed in Non-
Patent Document 2, in the slice header extension,
positions at which inter-view reference images are
ingserted in the temporal list is transmitted in the

syntax. Acgcordingly, in consideration ©f the view
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correlation, inter-view reference images can be inserted
at & preferred position in the temporal list.
{61243

However, in the case of the methed disclosed in
Non-Patent Document 2, also when the inter-view reference
images do not need to be moved, the syntax needs to bs
transmitted.

[0125]

In addition, in such a case, a plurality of the
inter~view raeference images are inserted to the position
set in the syntax at once. Accordingly, in the temporal
list, when Inter-view reference images and short-term
reference images or long-term reference imags are desired
to be mixed, the reference list change command neesds to
be transmitted.

[0lZ26&]

Thus, according to the present technology, the
temporary list 1s generated by inserting reference images
that can be referred to in the view direction among a
plurality of reference images that can be referred te in
the time direction.

[0127]
IMethod of Gernerating Refesrence List According to Present
Technology 1]

Next, a method of generating a reference list
sccording to the present technology 1 will be described
with reference to Fig. 5. In an example illustrated in
Fig. 5, as the example in which four reference images are
referred to, a list {arrangenent;
(RefPicSetdtCurrBefore[i}) of short-term (before)

referance images, a Llist {RefPicSet3tCurrAfter[i]) of
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short-term (after) reference images, a list

(RefPicSetltCurr(il) of long-term reference images, and

B

list {(RefPicSetIvCurriil) {(i: index = { to 3) of inter-
view reference images in the decoded picture buifer 112
are iliustrated.

[0128]

hocording to the present technology 1, a temporal
list (RefPicListTempd[rIdx)) of LU is generated in order
of short-term (before) reference images of indexes “97
and »1”, inter-view reference images of indexes “0" to
w34 short-term (after) reference images of indexes “07
and Y17, and a long-term reference image of index “07.
(10129)

In such a case, the reference 1list of LO is
generated according to num ref idx 10 active minusl = 4
in order of short-term (before) reference images of
indexes “0” and “1” and inter-view reference images of
indexes ™07 to “27.

10130]

According To the present technelogy 1, a temporal
list {(RefPiciistTempl[rIdx]l} of L1 1s generated in order
of short-term (before) reference images of indexes “07
and 217, inter-view reference images of indexes "0 to
w37  short-term {(after) reference images of indexes "0
and “17, and a long-term reference lmage of index “07.
[0131]

In such a case, the reference list ¢f L1 is
generated according to num ref idx 10 _active minusi = 3
in order of short-term (after) reference images of
indexes “0” and “1” and inter-view reference images of

indexszs "0 and “17.
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[3132]

Ls above, according to the method of present
technology 1, in generation of the temporal 1ist, the
inter~view images are inserted between the short-term
(tbefore) reference images and the short-term {after)
reference images.

(01337

Since this 1s a default process, an additional
syntax does not need to be ftransmitted. In addition,
since the short-term (after) reference images enters the

list with a highest priority level in L1, by inserting

t

the inter-view reference images before the short-term

{

lafter) reference images in L0, a duplicate use of the
short~term (after) reference images in LO/L1 can be
avolided,.

i0134]

However, in the case of L0, when the number of
short~term (before) reference images is large, there are
inter~view images not entering the reference list.
Regarding this, the number of short-term (before)
referance images may be limited by using the RPE. In
addition, in the case of L1, while the order of the
short-term reference images beling the target is reversed,
the process may be similarly described.

(01357

In addition, after the short-rterm {before/after)
reference images, a plurality cof inter-view reference
images are inserted at once. Thus, in the temporal list,
when the inter-view reference images and the short-term
reference images or the long-term reference images are

desired to be mixed, the reference list change command
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needs to be tfranamittsd.
[0136]

In a case where the time correlation is extremely
higher than the correlation between views, there is
concern that the coding efficiency may decrease.

{01371
[Method of Generating Reference List According to Present
Technology 2]

In addition, the method of generating a reference
list according to the present technology 2 will be
described with reference to Fig. €. In an example
illustrated in Fig. 6, as the example in which four
reference images are referred to, a list (arrangement)
(RefPicSetStCurrBeforelil) of short-term (before)
reference images, a list (RefPicSetStCurxAfter{i}) of
short-term (after) reference images, a list
{RefPicSetLtlurr(i]) of long-term reference images, and a
list {RefPicSetIvCurrii]) {(i: index = 0 to 3) of inter—
view reference images in the decoded picture buffer 112
are 1llustrated,

[0138]

According to the present technology 2, a temporal
list {(RefPicListTempCiridx]) of LO is generated in order
of a short-term (before) reference image of index “07, an
inter-view reference image cf index “(”, a short-term
{before} reference image of index “17, an inter-view
reference image of index “17, a short-term {after)
reference image of index “0”, an inter-view reference
image of index “2Y, a short-term (after; referencs image
of index “1”, an inter-view raference image of index 3,

and & long-term reference image of index “07.
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[0138]

In such & case, the reference list of L0 is
generated according to num ref idx 10 active minusl = 4
in order of the short-term {(before) reference image of
index “0”, the inter-view reference image of index 0V,
the short-term (before) reference image of index ™17, the
inter-view reference image o index “17, and the short-
term (after} reference image cf index “07.

[0140]

Tn addition, agcording to the present technology 2,
a temporal list {(RefPiclistTempl{rIdx]) of LI is
generated in order of a short-term (after) reference
image of index “0Y, an inter-view reference image of
index “0%, a short-term (after) reference image of index
17, an inter-view reference image of index “1%, a short-
rarm (before) reference image of index “07, an intsr-view
reference image of index “27, a short-term {(before]
reference image of index "“1”, an inter-view reference
image of index 3, and a long-term reference image of
index “07.

[O0141]

In such & case, the reference list of LI is
generated according to num ref idx 11 active minusi = 3
in order of a short-term {after) reference image of index
"0, an inter-view reference image of index “07, a shori-
term {after) reference image of index “17, and an inter-
view reference image of index “17.

01427

Es above, according to the method of the prasent

technology 2, in the generatlon of the tTemporal iist, a

reference image disposed in the time direction and a
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reference image disposed in the view direction are
alternately arranged.
[0143]

When the height of the time correlation and the
height of the correlation between views are alternately
lined up, an arrangement having high refsrence efficisency
ig formed. In addition, in the case of L0, even when the
number of short-term {before) reference imagez is large,
it is easy Lo add inter-view reference images to the
raference list as default. In addition, since this is a
default process, an additicnal syntax does not need to be
transmitted.

[0144)

However, in a case where the time correlation is
extremely higher than the correiation bstween views,
there 18 concern that the coding efflciency decreases,
(0145]

[Comparison between Conventional Technology and Present
Technology] |

in an example represented in Fig. 7, a table
cemparing the conventional method described above and the
method according to the present technology is illustrated.
[lée]

There are two advantages of the present technology
1 over the conventional technology 1. The first
advantage is that the coding efficiency can be improved
for a seguence having a high inter-view correlation
(general case). The inter-view correlation represents a
correlation between inter-view images. The szecond
advantage i1s that, when the number of short-term (before)

reference images (8ThC! and short-term fafter} reference
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images (3TaC) is small, the number of unigue plctures can
be increased in the whole reference list LO/LL.
10147

There are two advantages of the present technclogy
1 over the convenitlonal technology 2. The first
advantage is that an additlonal syntax dces not need to
be transmitted. The second advantage is that the
processing amount is small owing to no rearrangement of
the temporal list.
{0148}

There are two advantages of the present technology
2 over the conventional technology 1. The first
advantage is that, when the temporal correlation and the
inter-view correlation are alternately aligned, the
coding efficiency can be improved. Here, the temporal
correliation is a correlation between inter images of
different fime points. The inter-view correlation is a
correlation between inter-view images. The second
advantage is that inter-view reference images can be
arranged at the second position from the start of the
reference list also in the worst case.
(014973

There are two advantages of the present technology
2 over the ccenventional technology 2. The first
advantage 1s that an additional syntax does not need to
be transmitted. The second advantage is that, when the
temporal correlation and the inter-view correlation are
alternately aligned, the coding efficiency can be
improved.
01507

In addition, the present technology 1 and the
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present technology 2 will be compared with sach other.
[6151]

The present technology £ has two advantages over
the present technology 1. The first advantage is that,
when the temporal correlation and the inter-view
correlation are alternately aligned, the coding
efficiency can be improved. The second advantage 1s that
inter~view refersnce images can be arranged at the second
positicon from the start of the reference list also in the
worst case.

[0152]

In the description presented above, simllar to a
conventional case, while the example has been described
in which the sequence of adding inter-view images to the
reference list (temporal list) is the same for L0 and L1,
the order may be changed between LU and L1.

[G153]
[Alignment between Inter-view Images]

Next, the alignment order between inter-view lmages
according to the present technology will be described
with reference to Fig. 8.

(013543

Conventionally, corrasponding inter-view reference
images are added to the reference list (temporal list) in
order of 4 = 0, 1, 2, +-+ based on ref layer 1dli]{i] of
the VPS8 (Video Paramster Set). This process is
completely the same between LO and L1, and, in the
temporal lists of LO/L1, the order in which inter-view
reference imeges are aligned is the same.

[0155]

Thus, according to this technology, the inter-view
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reference images are added fo the temporal list of L0 in
order of ref layer id[i]j[j] (hers, 1} = 6, 1, 2, ++--3. In
addition, the inter-view reference images are added to
the temporal list of Ll in cxder of ref layer 1d[i][3j]
{here, i = -+, 2, 1, 0.}.

[0156]

More specifically, as illustrated on the laft side
in Fig. 8, for example, in a cass where a view image of
view id = 2 is to be coded among four views of view id =
G, 1, 2, and 3, it is assumed that the raference relation
is described in order of view id = 1, 0, and 3 in the VP3.
[0157]

In this case, according to the present technology,
as illustrated on the right side in Fig. 8, in the
temporal list of LG, inter-view reference images are
aligned in order of view_id = 1, 0, and 3 described in
the VPS. In addition, in the temporal list of L1, inter-
view reference images are aligned in order of view id = 3,
0, and 1 that is the reverse order of view id described
in the VPS.

[0158]

By configuring as such, in the temperal lists of
LO/L1, in a case where only up to the (ref id = n+l)-th
image is referred to, in other words, in & case where
cnly up to the (ref id = ntl)-th image is added to the
raference list, different inter-view reference images can
ke referred to in L0 and Ll.

(0159}

More specifically, in the example illustrated in

Fig. 8, the (n+l)-th inter-view reference image 1s an

inter-view reference image vl of wview id = 1 in LG, and,
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the {(n+l)-th inter-view reference image 1s an inter-viaw
reference image v3 of view id = 3 in L1, whereby the
{n+lj-th inter-view reference image can be changed
between L0 and Li.

101607

In this way, since different inter-view reference
images can be referred to in L0 and L1, there is a high
possibility of having higher performance of & parallax
prediction than that of a case where the same image 13
referred to, and the coding efficiency can be expected to
bhe improved.
releli]

in the example represented in Fig. 8, similar to
the conventional example represented in Fig. 3, while the
example is illustrated in which, after the referencs
images disposed in the time direction, the reference
images disposed in the view direction are added, the
order of the inter-view reference images of the case of
the present technology described above wlith reference to
Figs. 5 and ¢ may be emploved as well.
roirez]

In a case where the present technology 1s applied,
according to the technology disclosed in Non-Patent
Document 1, as denoted by a sclid line in Fig. 9, there
is no change foxr LO, as dencted by a detied line
illustrated in Fig. %, the inter-view images are changed
to be added in reverse order of LO.

[0163]

The reference list genevating unit 122, which is

illustrated in Fig. 1, performing the above-described

process is configured as illustrated in the following Fig.
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10.
[0164]
[Configuration Example of Reference List Generating Unit)

Fig. 10 is a block diagram that illustrates an
example of the configuration of the reference list
generating unit that performs the above-described process.
[0165]

In the example i1llustrated in Fig. 10, the
reference list generating unit 122 is configured to
includa: a reference image setting unit 131; a temporal
list generating unit 132; and a reference image list
generating unit 133,

[0166]

The reference image setting unit 131 sets short-
term (before) reference images by referring te tima
information {in other words, the POC information) of the
reference image supplied from the decodsd picture buffer
112 and the flag used by curr of the short-term reference
image that is set in the slice header or the RPS supplied
from the syntax processing unit 121 and generates a
short-term {before) reference image list
{RefPicSetStlCurrBefore[i]l). In addition, the reference
image setting unit 131 sets short-term {after} reference
images by referring to time information of the reference
image supplied from the decoded picture buffer 112 and
the flag used by curr of the short-term reference image
that is set in the slice header or the RPS supplied from
the syntax processing unit 121 and generates a short-term

er) reference image list{RefPicBet3tCurrAfter[il}.

The reference lmage setbing unit 131 sets long-~term
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ference images by referring to time information of the
reference image supplied from the deccded picture buffer
112 and the flag used by curr of the long-term reference
image that is set in the slice header or the SPS supplied
from the decoded picture buffer 112 and generates a long-
term reference image list (RefPicSetLiCurr{il). In
addition, the rezference image setting unit 131 sets
inter-view reference images (RefPicSetIvCurri{il) by
referring to view information of the reference image
supplied from the decoded picture buffer 112 and
generates a list thereof.
(01687

The temporal list generating unit 132 combines
lists set by the reference image setting unit 131 in
predetermined order according to the present technology
described above, thereby generating temporal lists
(RefPiclistTempllridx] and RefPicListTempl{rIdx]) of L0
and L1.
(01697

The reference image list generating unit 133 refers
to the number num ref idx 10 _active minusl and the number
num ref idx 11 active minusl set in the slice header or
the SPS supplied from the syntax processing unit 121.
The reference image list generating unit 133 extracts
reference lmages corresponding to the number
num_ref idx 10_active minusl and the number
num ref idx 11 active mirmasl from the temporal lists of
LO/L1 generated by the temporal list generating unit 132
and adds the eztracted refersnce images, thereby
generating reference lists of LO/L1.

101741
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The reference lists of LG/LLl generated by the
reference image list generating unit 133 are referred to
by the moticon parallax prediction/compensation unit 115.
[0171]

[Flow of Coding Process]

Next, the flow of each process performed by the
image encoding device 100 as above will be described.
First, an example of the flow of the coding process will
be described with reference to a flowchart represented in
Fig. 11.

(o172}

In Step 3101, the A/D converter 101 performs A/D
conversion of an input image. In Step 8102, the screen
rearrangement buffer 102 steores the image that is
converted from analeog to digital and rearranges the image
from the display order of pictures to the coding order.
101733

In Step 5103, the syntax processing unit 121
segquentially checks data of images resad from the screen
rearrangement buffer 102 and inserts header information
to the data of each image. The syntax processing unit
121 supplies the image into which the header information
and the like are inserted to the calculation unit 103,
the intra prediction unit 114, and the motion paralliax
prediction/compensation unit 115. In addition, the
syntax processing unit 121 supplies information such as
the VPS5, the 3PS {including the RPS), and the slice
header to the reference list generating unit 122.

[0174}

In Step S104, the calculation unit 103 calculates a

6]

difference between the image supplied from the syntax
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processing unit 121 and the predicted image. The
predicted image is supplied tc the calculation unit 103
through the selection unit 116 from the motion parallax
prediction/compensation unit 115 in the case of the inter
prediction or from the intra predicticon unit 114 in the
case of the intra predictiocn.

[0175]

The data amount of the differential dats is smalier
than that of the original image data. Accordingly, the
data amcunt can be compressed more than that of a case
where the image 1s directly coded.

[017&]

Iin Step 8105, the orthogonal transform unit 104
performs an orthogonal transform of the differential
information generated by the process of 3Step 5104. More
specifically, an orthogonal transform such as a discrete
cogine transform or a Karhuren-Loeve transform is
performed, and a transform cecefficient is output.

[0177]

In 3tep 3106, the guantization unit 105 guantizes
the orthogonal transform coefficient acquired by the
process of Step S105.

[0178]

The differential information guantized by fhe
process of Step 3106 is locally decoded as below. In
Step S107, the inverse quantization unit 108 perfcrms
inverse guantization of the guantized orthogonal
transform coefficient {(also referred to as a gquantization
coafficient), which is gensrated by the process of Step
$106, according to characteristics corresponding Lo the

characteristics of the guantizaticon unit 105.
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(6179

In Step 5108, the inverse orthogonal transform unit
109 performs an inverse orthogonal transform of the
orthogonal transform coefficient, which is acoguired by
the process of Step 5107, according to characteristics
corresponding to the characteristics of the orthogonal
transform unit 104.

(0180]

In Step 8105, the calculation unit 110 adds the
predicted image to the differential information that is
locally decoded, thereby generating a locally-decoded
image {an image corresponding to the input to the
calculation unit 103).

(01811

In Step 8110, the debliocking filter 111 performs
filtering for the imege supplied from the calculation
unit 110, thereby eliminating a block distortion. Then,
the deblocking filter 111 supplies an image acguired as a
result thereof to the adaptive offset filter 123,

[0182]

In Step 5111, the adaptive offset filter 123
performs an adaptive offset filter process for the image
supplied from the deblocking filter 111 for each LCU.

The adaptive offset filter 123 supplies an image acguired
as a result thersof to the adaptive loop filter 124. In
addition, the adaptive offset filter 123 supplies the
storage flag, the index or the offset, and ths type
information to the lessless encoding unit 106 as offset
filter informaticn for each LCU.

(01837

In Step 8112, the adaptive loop filter 124 performs
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an adaptive loop filter process for the image supplled
from the adaptive offset filter 123 for each LCU. The
adaptive loop filter 124 supplies an image acguired as a
result therecf to the decoded picture buffer 112. In
addition, the adaptive loop filter 124 supplies the
filter ceoefficient used in the adaptive loop filter
process to the lossless encoding unit 1066.

[0184]

In Step 5113, the decoded plcture bhuffer 11Z stores
the image for which the filter process has been performed.
In addition, an image for which the filter process has
not been performed is supplied also to the decoded
picture puffer 112 from the calculation unit 110 and is
stored therein. The image accumuiated in the decoded
picture buffer 112 is suppiied f£o the moticon parallax
prediction/compensation unit 115 or the intra prediction
unit 114 through the selection unit 113 as a reference
image.

101853

In Step 5114, the intra prediction unit 114
performs an intra prediction process of the intra
prediction mode.

(01861

In Step 3115, the reference list generating unit
122 generates a reference 11lst that is referred to when
the motion parallax prediction/compensation unit 115
pradicts a current image. The process of generating this
reference list will be described later in detail with
refarence to Fig. 1Z.

[0187]

Ry the process of Step 8115, the tempcral list that
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18 a temporary list used when the reference list is
generated 1s generated by inserting reference images that
can be referred to in the view direction among a
plurality of reference images that can be referred to in
the time direction. Then, a reference list is generated
based on the generated temporal list.

[0188]

In Step 8116, the motion parallax
prediction/compensation unit 115 performs an inter motion
parallax prediction process in which a motion parallax
prediction of the inter prediction mode or a motion
parallax compensation is performed by using the reference
image of a reference image index repressented by the
reference 1list generated by the process of Step 5115.
[0189)

In Step 8117, the selection unit 116 detfermines an
optimal prediction mode based on cost function values
cutput from the intra prediction unit 114 and the motion
parallax prediction/compensation unit 115. In other
words, the selection unit 116 selects sither the
predicted image generated by the intra prediction unitc
114 or the predicted image generated by the motion
parallax prediction/compensation unit 115.

[G19G]

In additicn, selection information representing
which predicted image is selected is supplied to the
intra prediction unit 114 or the motion parallax
prediction/compensation unit 115 of which the predicted
image nas been selected. In a case where the predicted
image of the optimal intra prediction mode is selected,

the intra prediction unit 114 supplies information {in
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other words, intrs prediction mode information)
representing the optimal intra prediction mode to the
lossless encoding unit 106.

f0191]

In a case where the predicted image of the optimal
inter prediction mode is selected, the motion parallax
prediction/compensation unit 115 outputs information
representing the optimal inter prediction mode and
information according to the optimal inter predicticn
mode as 1s necessary to the lossless encoding unit 106.
As the informaticn according to the optimal inter
prediction mode, motion vector information, parallax
vactor information, flag information, reference frame
information, or the like may be provided.

10192]

In Step 5118, the lossless encoding unit 106 codes
the transform coefficient gquantized by the process of
Step S10&6. In other words, for a differential image (in
the case of the inter prediction, & secondary
differential image), lossless coding such as variable-
length coding or arithmetic coding is performed.

[0153]

In addition, the lossless encoding unit 106 adds
the information relating to the prediction mode of the
prediction image that 1z selected by the process of Step
3117 to the coded data acquired by coding the
differential image. In other words, the lossless
encoding unit 106 adds the intra prediciion mode
information suppilied from the intra prediction unit 114,
the information according to the optimal inter prediction

mode supplied from the moetion parallax
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prediction/compensation unit 115, or the like to the
coded data.
(01943

In Step 5119, the accumulation buffer 107
accumulates the coded data output from the lossless
encoding unit 106. The coded data acoumulated in the
accumulation buffer 107 is apprepriately read and 1is
transmitted to the decoding side through a transmission
line.

[0185]

In Step 8120, the rate control unit 117 controls
the rate of the guantization operation performed by the
guantization unit 105 based on the compressed image
accumulated in the accumulation buffer 107 by the process
of Step 5119% such that overflow or underflow doss not
occur.

(0196}

When the process of Step S120 ends, the coding

process ends.
0197}
[Flow of Reference List Generating Process]

Next, an example of the flow of the reference list
gaenerating process performed in Step 8115 represented in
Fig. 11 will be described with reference to a flowchart
represented in Fig. 12. By performing this process, the
reference lists according to the present technology 1
described above with reference to Fig. 5 are generated.
This process is performed only in a case where the
decoded image (in other words, a current image for a
prediction) is a P pilcture or a B plcture.

[0198]
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In Step 5102 represented in Fig. 11 described above,
information such as the VPS, the $P5 (including the RPS)
and the slice header of the decoded image is supplied
from the syntax processing unit 121 to the reference list
generating unit 122. The flag used by curr of the short-
term reference image is set 1n the slice header or the
RP3 supplied from the syntax processing unit 121. The
flag used by curr of the long-term refsrence image is set
in the slice header or the S$PS.

[0159]

In Step S131, the reference image setiting unit 131

h

¢f the reference list generating unit 122 sets short-term
{befcre) reference images (STbhC) by referring to the time
information {in other words, the POC information) of the
referéence image supplied from the decoded picture buffer
112 and the flag used by curr of the short-term reference
image of the slice header or the RPS and generates a list
RefPicletStCurrBaforeiil.

[0200)

In Step 5132, the reference image setfting unit 131
sets short~term (after] reference Images (STal} by
referring to the time information of the reference image
supplied from the decoded picture buffer 112 and the flag
used by curr of the shorit-ierm reference image of the
slice header or the RPS and generates a list
RefPicSetStCurrAfter{i].

{02017]

In Step 5133, the reference image sebtting anit 131
sets long-term refsrence images {(LT) by referring to the
time information ¢f the reference image supplied from the

decoded picture buffer 112 and the flag used by curr of
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the long-term refsrence image of the slice header or the
SPS and generates a list RefPicSetLtCurriil.
[0202]

In Step 5134, the reference image setting unit 131
sets inter-view reference images {(IV) by referring to the
view information of the reference image supplied Irom the
decoded picture buffer 112 and generates a list
RefPicSetIvCurz(i].

[0203]

In Step S135, the temporal list generating unit 132
combines four types of lists ssi by the reference lmage
setting unit 131 in order of SThC, IV, 5Tal, and LT,
thereby generating a temporal list
{(RefPicListTempl [rIdx]; of LO.

102047

In other words, only reference images, of which the
fiag used by curr is V17 in the lists of four types
described above are combined in order of SThC, IV, STal,
and LT, whereby a temporal list of LU is generated. In
addition, at that time, all the inter-view reference
images (IV} are added.

[0205]

In Step S13€, the temporal list gensrating unit 132
combines four types of lists set by the reference image
setting unit 131 in order of 3Tal, IV, STbC, and LT,
thereby generating a temporal list
{RefPicListTempl [ridx])] of Li.

102086]

In other words, cnly reference images of which the

flag used by curr is “1” are combined in order of STac,

IV, SThC, and LT, whereby a temporal list of L1 is
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generated. In addition, at that time, while all the
inter—view reference images {(IV) are added, the order, as
described above with reference to Fig. 8, may be
configured Lo be reverse crder of that of the direction
10,

{0207}

The numbers num_ref idx 10 active minusl and
num_ref idx 11 active minusl are set in the slice header
or the P35 supplied from the syntax processing unit 121,
(0z08]

In 3tep 8137, the reference image list generalting
unit 133 extracts the first to the
fnum vef idx 10 active minusl+l)-th elements of the
temperal iist {RefPiclistTemplirIdxl} of LC and generates
a reference list (RefPicListlO{ridxl} of LO.

10209]

In Step 5138, the reference image list generating
unit 133 extracts the first to the
{num_ref idx 11 active minusl+il-th elements of the
temporal list (RefPiclListTempl{rIdx]) of Ll and generates
a reference list {RefPiclistliridx}) of L1.

162101

As above, the inter-view images are inserted
between the short-term (before; reference images and the
short-term {(aiter) reference images, whereby references
lists described above with reference to Fig. 5 are
generated.

{02111
[Another Flow of Reference List Generating Process)
Next, an example of the f£low of the reference iist

generating process performed in Step 5115 represented in
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Fig. 11 will be described with reference to a flowchart
represented in Fig. 13. By performing this process, the
reference lists according to the present technology 2
described above with reference to Fig. ¢ are generated.
This process 1s performed only in a case where the
decoded image {(in other words, a current image for a
prediction) is a P plcture or a B plocture,

[g8212]

In Step 8103 represented in Fig. 11 describad above,
information such as the VPSS, the 5P5 (incliluding the RPS)
and the slice header of the decoded image is supplied
from the syntax processing unit 121 to the reference list
generating unit 122. The flag used by curr of the short-
term reference image 1s set in the glice header or the
RPS supplied from the syntax processing unit 1Z1. The
flag used by curr of the long-term reference image is set
in the slice headesr or the 3SPS.
r0z213)

In Step 8131, ifhe reference image setting unit 131
of the reference list generating unit 122 sets short-term
(hefore) reference images {(S5ThC) by referring to the tTime
information {in other words, the POC information) of the
reference image supplied from the deccded pilcture buffer
112 and the flag used by curr ¢f the short-term reference
image of the slice header or the RPS and generates a list
RefPicSetStCurrbefore[il.

(02147

In Step 5152, the reference image setting unit 131
sets short-term (after) reference images (5TalC) by
referring to the time information of the reference image

supplied from the decoded picture buffer 112 and the flag
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used by curr of the short-term reference image of the
slice header or the RPS and generates a list
RefPicSetStCurrhfter{il.

[0215]

In Step 3153, the reference image setting unit 131
sets long-term reference images (LT) by referring tc the
time information of the reference image supplied from the
decoded picture buffer 112 and the flag usad by curr of
the long-term reference image ¢f the slice header or the
8P5 and generates a list RefPicSetltCurriil.

10218

In Step 5154, the reference image setiting unit 121
sets inter-view reference images (IV) by referring to the
view information cf the reference image supplied from the
decoded pilcture buifer 112 and generates a list
RefPicSetIvCurr(i].

[0217]

In Step 3155, the temporal list generating unit 132
generates two lists including a 1ist 1 acguired by
seqguentially combining three lists of 3ThC, S5TaC, and LT
set by the reference image setting unit 131 and a list 2
configured by the IV. In other words, only refsrence
images, of which the flag used by cury is “17 are
combined in order of 3ThC, 5Tal, and LT, whereby the list
1 is generated. In addition, the list 2 is generated by

adding all the IV of the list RefPicSetivCurrli] fto the

In Step $156, the temporal list generating unit 132
extracts one element from the start of each of the lists

1l and 2 generated in Step 31535 and alternately aiigns the
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extracted elements, thereby generating a temporal list
(RefPicListTempl(rIdx}} of LO.
[021%)

In Step 8157, the temporal list generating unit 132
generates two lists including a list 11 acguired by
sequentially combining three lists STal, STbC, and LT set
by the reference image setting unit 131 and a list 12
configured by the IV. In other words, only the reference
images of which the flag used by curr is “1” are combined
in order of 3TaC, STh{, and LT, whereby the 1ist 11 is
generated. In addition, while the list 12 is generated
by adding all the IV of the list RefPicSetlIvCurr(i], at
that time, as describad above with reference to Fig. 8,
the inter-view reference images may be added in ordey
that is reverse order of the corder of the direction LO.
162207

In Step 8158, the temporal list generating unit 132
extracts one element from the start of each of the lists
11 and 1Z generated in Step 5155 and alternately aligns
the extracted elements, thereby generating & temporal
list (RefPicListTemplirIdx]l} of LI.

[g2211

The numbers nuﬁmref_idxﬁlO_active_minusl and
num ref idx 11 active minusl are set in the slice header
or the 8PS supplied from the syntax processing unit 121.
f0222]

In Step S1589, the reference image list generating
unit 133 extracts the first te the
{num_ref idx 10 ective minusl+l}-th elements of the
temporal list (RefPiclistTempl[ridx]) of LU and generates

a reference list (RefPicListl{ridx]: of LO.
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[0223]

In Step $160, the reference image list generating
unit 133 extracts the first to the
(numﬁrefwidx_ll_activemminus1%1}—th aelements of the
temporal list (RefPiclistfemplirIdx]} of L1 and generates
a reference list (RefPiclistlfrIdx}} of L1.

[0z24)

As above, in the generation of the temporal lists,
the reference images disposed in the time direction and
the reference images disposed in the view direction are
alternately arranged, whereby the reference lists
described above with reference to Fig. € are generated.
[0225]

In addition, while the example of two types of
reference lists has been described in the description
presentad above, for example, 1t may be configured such
that the coding side transmits a reference list selection
flag of one bit representing a selected reference list to
the decoding side, and the reference list accerding to
the reference list selection flazg is generated on the
decoding side. This reference list selection flag, for
example, may be configured to be transmitted for each
slice,

(02261

For example, as described above with reference to
Fig. 7, a more appropriate list is different depending on
the degree of the temporal ccrrelaticn cr the degree of
the inter-view correlation in the seguence. Thus, by
transmitting the reference list selection flag in this
way, for example, the coding efficiency can be improved

more than that of a case where the change command is
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transmitted using an image or that of a case where the
syntax is transmitited each time as disgclosed in Non-
Patent Document 2.

[0227]

<2. Second Embodiment>

[Image Decoding Devicel

Fig. 14 illustrates the configuration of an image
decoding device according to an embodiment as an image
processing device to which the present disciosure is
applied. An image decoding device 200 illustrated in Fig.
14 is a decoding device that ceorresponds to the image
encoding device 100 illustrated in Fig. 1.

{0z228]

The coded data coded by the image encoding device
100 is assumed to be transmitted to the image decoding
device 200 corresponding to the image encoding device 100
through a predetermined transmission line and is decoded
by using the HEVC system or the like.

[0229]

As illustrated in Fig. 14, the image decoding
device 200 includes: an acocumulation buffer 201; a
losgless decoding unit 202; an inverse guantization unit
203; an inverse orthogonal transform unit 204; a
calculation unit 205; a deblocking filter 206; a scresn
rearrangement buffer 207; and a D/A converter 208. In
addition, the image decoding device 200 includes: a
decoded picture buffer 209; a selection unit 210; an
intra prediction unit 211; a motion parallax
prediction/compensation unit 212; and a selection unit
213,

{0230}
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Furthermare,‘the image decoding device 200
includes: a syntax processing unit 221; a reference list
generating unit 222; an adaptive offset filter 223; and
an adaptive loop filter 224.

[0231]

The accumulation buffer 201 accumulates coded data
that is transmitted. This coded data is coded by the
image encoding device 100. The syntax processing unit
221 acquires & VPSS, an $PS, a slice hsader, and the like
from the coded data read from the accumulaticon buffer 201
at predetermined timing and supplies each header
information that has been acquired to the lossless
decoding unit 202 together with the coded data. In
addition, the syntax precessing unit 221 supplies the
header information and the like that have been acquired
to the reference list generating unit 222.

[0232]

The lossless decoding unit 202 decodes the coded
data supplied from the syntax processing unit 221 by
using a system corresponding to the coding system of the
lossless encoding unit 106 ililustrated in Fig. 1. The
inverse gquantization unit 203 performs inverse
quantizatiocn of coefficient data {guantization
ceefficient) acgquired by the decoding process performed
by the lossless decoding unit 202 by using a system
corresponding to the gquantization system of the
guantization unit 105 illustrated in Fig. 1. In other
words, the inverse quantization unit 203 performs inverse
guantization of the guantization cocefficient by using =a
methed similar to that of the inverse guantizatlon unit

1¢8 1llustrated in Fig. 1 by using the guantization
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parameter supplied from the image encoding device 146.
[0233] |

The inverse guantization unit 203 supplies the
coafficient data, in other words, the orthogenal
transform coefficient for which the inverse gquantization
rocess has been performed to the inverse orthogonal
transform unit 204. The inverse orthogonal transform
unit 204, by using a system corresponding to the
orthogonal transform system of the orthogonal transform
unit 104 illustrated in Fig. 1, performs an inverse
crthogonal transform of the orthogonal transform
coefficient, therebyv acguiring decoded residual data
corresponding to the residual data before the orthogonal
transform process performed by the image encoding device
1060,
(02343

The decoded residual data that is acquired through
the inverse orthogonal transform is supplied to the
calculation unit 205. In addition, a predicted image is
supplied to the calculaticn unit 285 through the
salection unit 213 from the intra prediction unit 211 or
the motion parallax prediction/compensation unit 21Z.
[GZ35]

The calculaticn unit 205 adds the decoded residual
data and the oredicted image, thereby acoguliring decoded
image data corresponding Lo the image data before the

subtraction of the predicted image that is performed by

the calculation unit 103 of the image encoding device 100.

The calculation unit 203 supplies the decoded image data
to the deblocking filter 206.

10238]



10

20

&7
SP351692wod0

The deblocking filter 206 appropriately performs a
deblocking filter process, thereby eliminating a blcock
distortion of the decoded image. The deblocking filter
206 supplles an image acguired as a result thereof to the
adaptive offset filter 223,

(0237

The adaptive offset filter 223 inciudes a buffer
that seguentially stores an offsef supplied from the
syntax precessing unit 221. In addition, the adaptive
cffset filter 223 performs an adaptive offset filter
process for the image alter the adaptive deblocking
filter process performed by the deblocking filter 206
based on the cffset filter Information supplied from the
syntax processing unit 221 for each LCU.

[0238]

More specifically, in a case where the storage flag
inciuded in the offset filter information is “07, the
adaptive offset filter 223 performs an adaptive offset
filter process of a type represented by the type
information for the image after the deblocking filter
process performed in units of LCUs by using the offset
included in the cffset filter information.

[80238]

Cn the other hand, in a case where the storage flag
included in the offset filter information is “1”, the
adaptive offset filter 2723 reads an offset stored at a
position represented by the index included in the offset
filter information for the image after the deblocking
filter process performsed in units of LLUs. Then, the
adaptive offset filter 223 perforws an adaptive offset

filter process cof a type represented by the type
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information by using the read offset. The adaptive
offset filter 223 supplies the image after the adaptive
offset filter process to the adaptive loop filter 224.
[02407

The adaptive loop filter 224 performs an adaptive
loop Filter process for the image supplied from the
adaptive offset filter 223 for esach LCU by using the
filter coefficient supplied Irom the syntax processing
unit Z21. The adaptive loop filter 224 supplies an image
acguired as a result therecf to the screen rearrangement
buffer 207.

[0241]

The screen rearrangement buffer 207 performs a
screen rearrangement process. In other words, the order
of frames that are rearranged for the coding order by the
screen rearrangement buffer 102 illustrated in Flg. 1 is
rearranged to be the coriginal display order. The D/A
converter 208 performs a B/A conversion of the image
supplied from the screen rearrangement buffer 207 and
cutputs the converted lmage to a display not illustrated
in the figure so as to be displayed thereon.

[0242]

in addition, the ocutput of the adaptive loop filter
224 is supplied to the decoded plcture buffer 209.

[0243]

The decoded picture buffer 20%, the sslectlion unit
230, the intra prediction unit 211, the motion parallax
prediction/compensation unit 21Z, and the selection unit
213 respectively correspond to the decocded picture buffer
112, the selection unit 113, the intra prediction unit

114, the motion parallax prediction/compensation unit 115,
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and the selection unit 116 of the image encoding device
1G0.
i0244]

The selection unit Z10 reads an image for which
inter processing is performed and a reference image from
the decoded picture buffer 209 and supplies the read
images to the moticon parallax prediction/compensation
unit 212. In addition, the selection unit 210 reads an
image used for the intra prediction from the decoded
plcture buffer 209 and supplies the read ilmage to the
intra predicticn unit 211,

[0245]

Information representing an intra prediction mode
acguired from the header information and the like are
appropriately supplied fto the intra prediction unit 211
from the lossless decoding unit 202, The intrs
prediction unit 211, based on this information, generatses
a predicted image based on the refersnce image acguired
from the decoded picture buffer 209 and supplies the
generated predicted image to the selection unit 213,
(02461

Information (the prediction mode information, the
motion vecteor information, the parallaxz vector
information, wvarious parameters, and the like} acguired
from the header information ls supplied to the motion
parallax prediction/compensation unit 212 from the
lossless decoding unit 202, In addition, a reference
image index assigned by the reference list generating
unit 222 is supplisd to the mcotion parailax
prediction/compensation unit 212.

102473
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The motion parallax prediction/compensation unit
212 generates a predicted image from the reference image
acquired from the decoded picture buffer 209 based on
such information supplied from the lossless decoding unit
202 and the reference image index represented in the
refarence list generated by the reference list generating
unit 222. The motion parallax prediction/compensation
unit 212 supplies the gensrated predicted image to the
selection unit 213.

[0248]

The selection unit 213 selects the predicted image
generated by the motion parallax prediction/compensation
unit 212 or the intra prediction unit 211 and supplies
the selected predicted image to the calculation unit 205.
102497

The reference list generating unit 222 is basically
configured to be similar to the reference list generating
unit 122 ¢of the image encoding device 100. The reference
list generating unit 222 gensrates a reference list that
is referred to when the metion parallax
prediction/compensation unit 212 predicts a current image
by using information {(the POC information or the view
information) of the reference image that ls accunmulated
in the decoded picture buffer 209. At that time, the
reference 1list generating unit 122 genecrates the
reference list by inserting reference images that can be
referred fo in the view directicn among a plurality of

=
ok

£y
1y

erence images that can be referred to in the time
direction.

[

o
]

507

In other words, the reference list generating unit
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222 generates a temporal 1ist that is a tewmporary list
used when a reference list 1s generated by inserting
refersnce 1lmages that can be referred to in the view
direction among a plurality of reference images that can
be referred to in the time direction. Then, the
referencs list generating unit 222 generates the
reference list based on the generated temporal list.
(02511

[Configuration Exzample of Reference List Generating Unit]

Fig. 15 1s a block diagram that illustrates an
example of the configuration of the reference list
generating unit illustrated in Fig. 14.

102521

In the example illustrated in Fig. 15, the
refersnce llist generating unit 22Z is configured to
include: a reference image setiting unit 231, a temporal
list genervating unit 23Z2; and a reference image list
generating unit 233.

[0253]

The reference image selting unit 231 sets short-
term (before) reference images by referring to the time
infermation {in other wcrds, the POC information) of the
reference image that is supplied from the decoded pilcture
buffer 208 and the flag used by curr of the short-term
reference image that 1s set in the slice header or the
RPS supplied from the syntax processing unit 2Z1 and
generates a short-term (before] reference lmage list
{(RefPicSetStCurrBefore(i]). The reference image setiting
unit 231 sets short-term {after) reference images by
referring to the time information of the referance image

that is supplied from the decoded picture buffer 20% and
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the flag used by curr of the short-term reference image
that is set in the slice header cr the RPS supplied from
the syntax processing unit 221 and generates a short-term
{after) reference image list [(RefPicSetStCurrAfter{il]).
[0254]

The reference image setting unit 231 sets long-term
reference images by referring to the time information of
the reference image that is supplied from the decoded
picture buffer 20% and the flag used by curr of the long-
term reference image fthat 1s set in the slice header or
the 8PS, and generates a long-term reference image list
{RefPicSetLtCurr{i}l). The reference image setting unit
231 sets inter-view reference images (RefPicSetlIvCurriil)
by referring to the view information of the reference
information supplied from the decoded picture buffer 209
and generates a list thereof.

[0255]

The temporal list generating unit 232 combines the
lists set by the refersence image setting unit 231 in
predetermined order acgording to the present technology
described above, thereby generating temporal lists
(RefPiclListTempl[rIid=z] and RefPiclListTempl[rIdxi} of LG
and L1.

[0256]

The reference image list genervating unit 233 refers
to the numbers num ref idx 10 _active minusl and
num ref idx 11 _active_minusl set in the slice header or
the SPS that i1s supplied from the syntax processing unit
223. The reference image listT generating unit 233

- . g
extracts rel

erence images corresponding to the number

num_ref idx 10 active minusl and the number
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num ref idx 11 active minusl from the temporal lists of
LO/Ll generated by the temporal list generating unit 232
and adds the extracted reference images, thereby
generating reference lists of LO/L1.

[0257]

The refarence llists of LO/L1 generated by ths
reference image list generating unit 233 are referred to
by the motion parallax prediction/compensation unit 212.
(G258
{Flow of Decoding Process]

Next, the flow of each process performed by the
image decoding device 200 as above will be described.
First, an example of the flow of the decoding process
will be described with reference to a flowchart
represented in Fig. 16.

[G259)

When a decoding process is started, in Step 85201,
the accumulation buffer 201 accumulates coded data that
is transmitted thereto. In Step 8202, the syntax
processing unit 221 acguires header information from the
coded data read at predetermined timing from the
accumulation buffer 201. The syntax processing unit 221
supplies each acqguired header infeormation to the lossgless
decoding unit 202 together with the coded data. In
addition, the syntax processing unit Z21 supplies the
acguire header information (including the VPS5, the SPS
(tncluding the RPS), and the slice header) and the like
to the reference list generating unit 222.

[0260]
In Step S203, the lossless decoding unit 202

decodes the coded data that is supplied from the syntax
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processing unit 221. In other words, an 1 picture, a P
picture, and a B picture coded by the lossless encoding
unit 106 illustraged in Fig. 1 are decoded.

[g26l1}

At this time, infeormation of the motion vector
information, the parallaxr vector infermation, the
raference frame information, the prediction moda
information {the intra prediction mode or the inter
prediction mode), the flag, the guantization parameter,
and the like 1ls acqguired from each header information.
[0262]

In a case where the prediction mode information is
the intra prediction mode informetion, the prediction
modse information is supplied tco the intra prediction unit
211. In a case where the prediction mode information is
the inter prediction mode information, the prediction
mode information and the corresponding motioen vector
information are supplied to the motion paralliax
prediction/compensation unit 21Z.

[02631]

In Step 5204, the inverse guantization unit 203
performs inverse guantlzation of the quantized orthogonal
transform coefficient that is acguired through the
decoding process performed by the lossless dscoding unit
202, In Step 5205, the inverse orthogonal transform unit
204 performs an inverse orthogonal transform for the
orthogenal transform coefficient that is acgulred through
the inverse guantization process performed by the inverse
guantization unit 203 by using a method corresponding to
the orthogonal transform unit 104 illustrated in Fig. 1.

In this way, the differential information corresponding
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to the input {(the output of the calculation unit 103) of
the ortheogonal transform unit 104 illustrated in Fig. 1
is decoded.

[0264)

In Step 5206, the calculation unit 205 adds the
predicted image to the differential information acquired
by the precess of Step S205. Accordingly, the original
image data is decoded.

[0265]

In Step 3207, the deblocking filter 206
appropriately filters the decoded image that is acquired
by the process of Step S5206. Accordingly, a block
distortion is appropriately eliminated from the decoded
image. The deblocking fiilter 206 supplies an image
acguired as a result thereof to the adaptive offset
filter 223.

[D256]

in Step 23208, the adaptive offset filter 2Z3
performs an adaptive offset filter process for the image
after the deblocking filter process performed by the
deblocking filter 206 for each LCU based on the offset
filter information supplied from the syntax processing
unit 221. The adaptive offset filter 223 suppiles an
image after the adaptive offset filter process to the
adaptive loop filter 224.

[0267]

In Step 5209, the adaptive loop filter 224 performs
an adaptive loop filter process for the image supplied
from the adaptive offset filter 223 for each LCU by using
the filter ceefficient supplied from the syntax

processing unit 221. The adaptive loop filter 224
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suppliss an image acguired as a result thereocf to the
decoded picture buffer 208 and the screen rearrangemsnt
buffaer 207.

[0268]

In Step $210, the decoded picture buffer 205 stcres
the filtered deccded image.
i0269]

In Step $211, the reference list generating unitz
222 generates a reference list to be referred to when the
motion parallax prediction/compensation unit 212 predicis
a current image. This process of generating a reference
list will be described later in detail with reference to
Fig. 17.

[G270]

Through the process of Step 5211, a temporal list
that is a temporary list used when the reference list is
generated 1s generated by lnserting reference images that
can be referred to in the view directicon among a
plurality of reference images that can be referred to in
the time direction. Then, based on the generated
temporal list, reference lists are generated.

02711

In Step $21Z2, the intra prediction unit 211 or the
motion parallax prediction/compensation unit 212 performs
a prediction process of each image in correspondence with
the prediction mode information supplied from the
lossless decoding unit 202.

(02721

In other words, 1n a case where the intra

prediction mode information 1s supplied from the lossless

decoding unit 202, the intra prediction unit 211 performs
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an intra prediction process of the intra prediction mods.
On the other hand, in a case wherse the Inter prediction
mode infcermation is supplied from the lossless decoding
unit 202, the motion parallax prediction/compensation
unit 212 performs a motlion parallax
praediction/compensation process of the inter prediction
mode by using a reference image of a reference lmage
index represented by the reference list generated by the
process of Step S211.
[6273]

In Step 3213, the selection unit 213 =elects a

predicted image. In other words, the predicted imag

D

generataed by the intra prediction unit 211 or the
predicted image generated by the motion parallax
prediction/compensation unit 212 is supplied to the
selection unit 213. The selection unit 213 selects the
side to which the predicted image 1s supplied and
supplies the predicted image to the caleculation unit 205.
This predicted image is added to the differential
information by the vrocess of 3tep $206.

[G274]

In Step 5214, the screen rearrangement buffer 207
rearranges the frames of the decoded image data. In
other words, the order of frames of the decoded image
data that is rearranged for coding by the scresn
rearrangement buffer 102 (Fig. 1) of the image encoding

device 100 is rearrvanged in the original display order.

In Step $215, the D/A converter 208 performs D/A

@

conversion of the decoded image data of which frames ar

rearranged by fhe screen rearrangement buffer 207. This
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decoded image dsta 1s output to a display not illustrated
in the figure, whereby a corresponding image is displaved.
When the process of Step S215 ends, the decoding process
ends .

(0276}

[Fiow of Reference List Genesrating Process]

MNext, an example of the flow of the reference list
generating process performed in Step S211 represented in
Fig. 16 will be described with reference te a Iflowchart
iliustrated in Fig. 17. In addition, by performing this
process, the reference lists according to the present
technology 1 described above with reference to Fig. & are
generated. This process is perfcrmed conly in & case
where the decoded image (in other words, a current image
for a prediction) is a P picture or a B picture.

[0277]

In Step 5203 represented in Filg. 16 described above,
information such as the VPS5, the &P {including the RP3},
and the slice header of the decoded image 1 supplied
from the syntax processing unit 221 to the reference list
generating uvnit 222, The flag used by curr of the short-
term reference image 1s set in the slice header or the
RES supplied from the syntax processing unit 221. The
flag used by curr of the long-term reference image is set
in the slice header or the SPS.

[GZ2778]

In Step S523%1, the reference image setiting unit 231
of the reference list generating unit Z22 sets short-term
{tbefore) reference images (S$ThC) by referring to the time
information {in other words, the POC information) of the

reference image supplied from the decoded pilcture buffer
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209 and the flag used by curr c¢f the short-temm reference
image of the slice header or the RPS and generates a list
RefPicSetStCurrBefore{il].

[0279]

In Step 5232, the reference image setting unit 231
sets short-term (after) reference images (STaC) by
referring to the Time information of the reference image
supplied from the decoded picture buffer 209 and the flag
used by curr of the short-term reference image of the
slice header or the RPS and generates a list
RefPicSet3tCurrafter{i].

[G280]

In Step 5233, the reference image setting unit 231
sets long-term reference images {RefPicSetltCurx[i]:LT)
by referring tec the time information (in other word, the
POC information) of the reference image supplised from the
decoded picture buffer 209 and the flag used by curr of
the long~term reference image of the slice header or the
8PS and generates a list RefPicSetlLtCurr[dil.

[0z81]

In Step 8234, the reference image setting unit 231
sets inter-view reference images (IV) by referring to the
view information of the reference imagse supplied from the
decoded plcture buffer 2038 and generates a list
RefPicSetIvCurrlil.

[0282]

In Step 5235, the temporal list generating unit 232
combines four types of lists set by the reference image
setting unit 231 in order of STbC, IV, STaC, and LT,
thereby generating a temporal list

{RefPiclistTempliridx]) of LO.
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(02831

In other words, only reference images, of which the
flag used by _curr is "1” in the lists of four types
described above are combined in order of SThC, IV, &TalC,
and LT, whereby a temporal list of LO is generated. In
adadition, at that time, all the inter-view reference
images (IV) are added.

[o2s84]

In Step S226, the temporal list generating unit 232
combines four types of lists set by the reference image
setting unit 231 in order of STal, IV, SThC, and LT,
thereby generating a temporal list
{RefPiclistTemplridx]}) of L1.

[16285]
In other words, only reference images of which the

\'\‘] Eis

flag used by curr 1s are combined in order of STacl,
IV, SThC, and LT, whereby a tempcral list of L1 is
generated. In addition, at that time, while all the
inter-view reference images (IV} are added, the order, as
described above with reference te Fig. 8, may be
configured to be reverse order of that of the direction
LG.
[0286]

The numbers num ref idx 30 _active minusl and
num_ref idx 11 active minusl are set in the slice header
or the SP5 supplied from the syntax processing unit 221.

[G287)

—

n Step $237, the reference image list generating

3 extracts the first fLo the

st

unit 2
(num ref idx 10 active minusl+i)-th elements of the

temporal list {RefPicListTempl{rlIdxz]) of LO and generates
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a reference 1list {RefPlclistlirldx}} of LO.
(62887

In Step 5238, the reference image list generating
unit 233 extracts the first to the
{(num_ref idx 11 active minusl+l)-th elements of the
temporal list {(RefPiclistTempl{rldx]) of L1 and generates
a reference list (RefPiclListl[ridx]l) of LI.

[czg9]

As above, the inter-view ilmages are insertad
between the short-term (before) reference images and the
short-term {after) reference images, whereby reference
lists described above with reference to Flg. 5 are
generated.

[0290]
{Ancther Flow of Reference List Generating Process]

Next, an example of the flow of the reference list
generating process performed in Step $211 represented in
Fig. 16 will be described with reference tc a f[lowchart
represented in Fig. 18. By performing this process, the
reference lists according to the present technology 2
described above with reference to Flg. & are generated.
This process is performed only in a case where the
decoded image {in cther words, a current image for a
prediction} 1s a P picture or a B pilcturse.
rozsiy

I Step 3203 represented in Fig. 16 described above,
information such as the VPSS, the SPS {(including the RPS),
and the slice header of the decoded image is supplied
from the syntax processing unit 221 to the reference list
generating unit 227. The flag used by curr of the short-

term reference image is set in the slice header or the
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RPS supplied from the syntax processing unit 121. The
flag used by curr of the long-term reference image is set
in the slice headsr or the SES.

10292]

In 8tep 3251, the reference image setting unit 231
of the reference list generating unit 222 sets short-term
{(before) reference images {8ThC] by refervring to the time
information (in other words, the POC information) of the
referencs image supplied from the decoded picture buffer
209 and the flag used by curr of the short-term reference
image of the slice header or the REFS and generates a list
RefPicSet3tCurrBefore(i].

[0293]

In Step 8252, the reference image setting unit 231
sets short-term (after) reference images (87aC) by
referring to the time information of the reference image
supplied from the decoded picture buffer 209 and the flag
used by curr of the short-term reference image of the
slice header or the RP3 and generates a 1ist
RefPicSetStlurrAfter{i].

102547

In Step S253, the reference image setting unlit 231
sets long-term reference images (LT) by referring to the
time information of the reference image suppllisd from the
decoded plcture buffer 20% and the flag used by curr of
the long-term reference image of the slice header or the
SPS and generates a list RefPicSetLtCurrli].

[0295]

In Step 5254, the reference image setting unit 231

sets inter-view reference images {(IV) by referring to the

view Iinformation of the reference imags supplied from the
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deccoded picture buffer 202 and generates a 1ist
RefPicSetIvCurrli].
10296]

in Step 8255, the temporal list generating unit 232
generates two lists including a list 1 acguired by
sequentially combining thres lists of 3ThC, STal, and LT
set by the reference image setting unit 231 and a list 2
configured by the IV. In other words, only reference
images, of which the flag used by curr is “17 are
combined in orxder of STk, STal, and LT, whereby the list
1 is generated. In addition, the list 2 is generated by
adding all the IV of the list RefPicSetivCurr[i] to the
list,

(02973

In Step $256, the temporal list generating unit 232
extracts cne element from the start of each of the lists
1 and 2 generated in Step 3255 and alternately aligns the
extracted elements, thereby generating a Temporal list
[(RefPiclListTemplrIdx]}) of LO.
rgz298]

In Step $S257, the temporal list generating unit 232
generates two lists including z list 11 acguired by
sequentially combining three lists STaC, 5TbC, and LT set
by the reference image setting unit 231 and a list 12
configured by the IV. In other words, only the reference
images of which the flag used by curr is “1” are combined
in order of 8STalC, $ThC, and LT, whereby the list 11 is
generated. In additicn, while the list 12 is generated
by adding all the IV of the list RefPicSetIvCurr|i], at
that time, as described above with reference to Fig. 8,

the inter-view reference images may be added in order
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that is reverse order of the order of the direction LO.
[0299]

In Step $258, the temporal list generating unit 232
extracts one element from the start of each of the lists
11 and 12 generated in Step 5255 and alternately aligns
the extracted elements, thereby generating a temporal
list {RefPiclistTempl[rIdx]) of L1.

10300]

The numbers num ref idx 10 active minusl and
num ref idx 11 active minusl are set in the slice header
or the 3P3 supplied from the syntax processing unit Z21.
{£301]

In Step 5259, the reference image list generating
unit 233 extracts the first to the
{num ref idx 10 active minusi+l)-th elements of the
temporal list {(RefPiclListTempllrIdx}) of L0 and generates
a reference list {(RefPiclist{{rid=x]) of LO.

[0302]

In Step 5260, the reference image list generating
unit 233 extracts the first to the
(num ref idx 11 active minusl+l)~th elements of the
temporal list (RefPicListT@mpl[rIdx}) of L1 and generates
a reference list {(RefPiclListlirlIdx]l; of L1.

[0303]

As above, in the generation of the temporal lists,
the reference images disposed in the time direction and
the reference images disposed in the view directiog are
alternately arranged, whereby the reference lists
described above with reference to Fig. & are generated.
103041

In addition, in the descripticon presented above, as
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a coding system, while the HEVC system is used as the
base, the pressnt technology is & technclogy at the fime
cf performing display but is not limited teo a specific
coding system. Thus, the present technolcogy is not
limited to the HEVC system, but any other coding
system/decoding system can be used. TFor sxampls, the
present technelogy may be applied also to a device that
performs a coding/decoding process having an AVDC system
to be described below as its base.
[0305]
<3. Third Embodiment>
[Ancther Configuration of Tmage Encoding Devicel

Fig. 19 ililustrates the configuration of an image
encoding device according to another embodiment as an
image processing device to which the present disclosure
is applied. An image encoding device 300 represented in
Fig. 19 is different from the image encoding device 1060
representad in Fig. 1 only in that a coding process using
an AVC system is performed.
10306]

In Fig. 19, the same reference numeral 1s assigned
to the same configuration as that i1llustrated in Fig. 1.
Thus, duplicate description therec{ is not presented as
is appropriate.
(03071

The image encoding device 300 illustrated in Fig.
1% includes: an A/D {(analog/digital) converter 101; a
screen rearrvangement buffer 102; a calculation unit 103;
an orthogonal transform unit 104; a guantization unit
105; a lossless encoding unit 106; and an accumulation

buffer 107. In addition, the image encoding device 100



10

15

20

86
SP351622W000

includes: an inverse guantization unit 108; an inverse
orthogonal transform unit 10%; & calculation unit 116; a
deblocking filter 111; a decoded picture buffer 11Z; a
selection unit 113; an intra prediction unit 114; a
motion parallax predictlon/compensation unit 115; a
seleciion unit 116; and a rate control unit 117.

[0308]

Furthermore, the image encoding device 1040
includes: & syntax preocessing unit 121; and a reference
list generating unit 122.

[0309]

In other words, the configuration of the image
encoding device 300 illustrated in Fig. 18 is different
from that of the image encoding device 100 illustrated in
Fig. 1 only in that the adaptive offset filter 123 and
the adaptive loop filter 124 are excluded, and the
leossless encoding unit 106 performs coding not by using
the HEVC system but by using the AVC system. Thus, the
image encoding device 300 performs the coding process not
in upits of CUs but in units of blocks.

103101

Targets for the coding process performed by the
lossless encoding unit 106 are basically the same as
those for the lossless encoding unit 106 illustrated in
Fig. 1 except for the parameters of the adaptive offset
filter and the adaptive lcop filter. In other words, the
lossiess encoding unit 106, similar to the lossless
encoding unit 106 illustrated in Fig. 1, acguires the
intra prediction mode information from the intra
prediction unit 114. In addition, the lossless encoding

unit 106 acqguires the inter prediction mode information,
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the motion vector, the information specifying reference
images, and the like from the motion parallax
prediction/compensation unit 115.

[0331]

The lossless snceding unit 106, similar to the
lossless encoding unit 106 illustrated in Fig. 1,
performs a lossless coding process such as a variable-
length coding process {for example, the CAVLC) or an
arithmetic coding process (for example, the CABAC) for
the quantized coefficlent supplied from the guantization
unit 105.

[0312]

The lossless encoding unit 106, similar to the
lossless encoding unit 106 illustrated in Fig. 1, codes
the quantized transform coefficient and sets the intra
predicticon mede information, the inter predicticon mode
information, the wmotion vector information, and the
quantization parameter as a part of the header
nformation of the coded data {(multiplexing). The
iossless encoding unit 1086 supplies the coded data
acguired by the coding progess to the accumulation buffer
107 so as to be accumulated therein.

[0313]

The deblocking filter 111 filters a locally-decoded
image supplied from the calculaticn unit 110, thereby
eliminating a block distortion. The deblocking filter
111 supplies an image acguired as a result therecf to the
decoded picture buffer 112 so as to be accumulated
therein.

(03147

The image accumulated in the decoded pilcture buffer
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112 is output to the intra prediction unit 114 or the
motion parallax prediction/compensation unit 115 through
the selection unit 113 as a reference image.

[G315]

The present technolegy can bae applied to such an
image encoding device using the AVC system.
{0214}

[Another Confliguration Example of Decoding Unit]

Fig, 20 illustrates the configuration of an imags
decoding device according to anothesr embodiment as an
image processing device to which the present disclosure
is applied. An image decoding device 350 illustrated in
#ig. 20 is a decoding device that corresponds to the
image encoding device 300 illustrated in Fig. 1%. The
image decoding device 350 represented in Fig. 20 is
different from the image decoding device 200 illustrated
in Fig. 14 only in that a decoding process is performed
using the AVC system.

[O317]

In FPig. 20, the same reference numeral is assignesd
to the szame configuration as that illustrated in Fig. 14.
Thus, duplicate description thereof is not presented as
is appropriate.

(0318}

The image decoding device 350 illustrated in Fig.
20 includes: an accumulation buffer 201; a lossless
decoding unit 202; an inverse quantization unit 203; an
inverse orthoganal transform unit 204; a calculation unit
20%; a deblocking filter 206; & screen rearrangement

buffer 207; a D/A converter 208; a decoded picture buffer

fud

209; a selection unit 210, an intra predicgtion unit 211;
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a moticn parallax prediction/compensation unit 212; and a
selection unit Z13.
(03191

The configuration of the image decoding device 350
illustrated in Fig. 20 is different from that of the
image decoding device 200 illustrated in Fig. 14 only in
that the adaptive offset filter 223 and the zdaptive loop
filter 224 are excluded, and the lossless decoding unit
202 performs a decoding process not by using the HEVC

system but by using the AVC system. Thus, the image

ldecoding device 350 performs the decoding process not in

units of CUs but in units of blocks.
[6320]

Targets for the decoding process performed by the

]

lossless decoding unit 202 are basically the same as
those for the lossless decoding unit 207 illustrated in
Fig. 14 except for the parameters of the adaptive offset
filter and the adaptive loop filter. In other words,
accumulaticon buffer 201 accumilates coded data that has
bean transmitted thereto. This coded data is coded by
the image encoding device 300,

[0321]

The syntax processing unit 221, similar to the
syntax processing unit 221 illustrated in Fig. 14,
acquires a seguence parameter set, a picture parameter
set, a slice header, and the like from the coded data
read from the accumulation buffer 201 at predetermined
timing and supplies each header information that has been
acquired to the lossless decoding unit 202 together with
the coded data. In addition, the syntax processing unit

221 supplies the header information and the like that
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have been acquired to the reference list generating unit

2Z22.
[0322]

In addition, the lossliless deccding unit 202,
similar to the lessiess decoding unit 202 illustrated in

Fig. 14, performs a lossless decoding process such as a
variable-length decoding process or an arithmetic
decoding process for the coded data supplisd from the
syntax processing unit 2Z1, thereby acqguiring a gquantized
coefficient., The lessless decoding unit 202 supplies the
gquantized cosfficient to the inverse quantization unit
203,
(03231

The debleocking filter 206 performs filtering for
the image supplied from the calculation unit 205, thereby
eliminating a block distorticon. Then, the deblocking
filter 206 suppliss an image acguired as & result thereof
to the decoded picture buffer 209 and the screen
rearrangement buffer 207.
10324]

The present technology can he applied also to such
an image decoding device using the AVC system.
(03257

In addition, the present disclosure, for example,
may ke applied to an image encoding device and an image
decoding device that are used when image information (bit
stream) compressed using an orthogonal transform such as
a discrete cosine transform and motion compensation, like
MPEG, H. 26x, or the like, is received through a network
medium such as satellite broadcast, cable television, the

Internet, or a moblle phone. In addition, the present
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disclosure may be applied to an ilmage encoding device and
an lmage decoding device that are used when information
is processed on a storage medium such as an optical discg,
a magnetic disk, or a flash memory. Furthermore, the
present disclosure may be applied also to the motion
prediction/compensation device included in the image
encoding device and the image decoding device described
above, and the like.

(03261

<4 . ¥Fourth Embodiment>
{Computer]

The series of processes described above may be
performed by hardware or software. In a case where the
series of processes is performed by software, a program
that configures the software is installed to a computer.
Here, the computer inciudes a computer that is built inte
dedicated hardware, a computer that can execute variocus
functions by having various programs installed thereto
such &3 a general-purpose computer, and the liks.

103273

Fig. 21 is a block diagram that illustrates an
example of the hardware configuration of the computer
that executes the series of processes described above in
accordance with a program.
103z28)

In a computer 500, a central processing unit (CPU)
501, a read only memory {(ROM) 50Z, and a random access
memory (RAM; 503 are interconnected through a bus 504.
[0329]

In addition, an input/output intesrface 510 is

connected to the bus 304. To the input/output interface
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510, an input unit 511, an output unit 512, a storage
unit 513, a communication unit 514, and a drive 515 are
connected.

[0330]

The input unit 511 is conflgured by a keyboard, =
mouse, a microphone, and the like. The output unit 512
is configured by a display, a speaker, and the like. The
storage unit 513 is configured by a hard disk, a non-
volatile memory, or the like. The communication unit 514
is configured by a network interface or the like. The
drive 515 drives a removable medium 521 such as a
magnetic disk, an optical disc, a magneto-optical disk,
or a semiconductor memory.

[0331]

In the computer configured as described above, the
CFU 501 performs the series of processes described above,
for example, by loading a program stered in the storage
unit 513 into the RAM 503 through the input/output
interface 510 and the bus 504 and executing the program.
[0332]

The program executed by the computer 500 (CPU 501),
for example, may be provided by being recorded on ths
removable medium 521 as a package medium or the like. In
addition, the program may be provided through & wired or
wireless transmission medium such as a local area network,
the Internet, or digital satellite broadecasting.

103331

In the computer, the program can be installed to
the storage unit 513 through the input/output interface
510 by lecading the removable medium 521 into the drive

515. In addition, the preogram may ke received by the
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communication unit 514 through a wired or wireless
transmission medium and be installed to the storage unit
513. Furthermore, the program may be installed in
advance to the ROM 502 cor the storage unit 513.

[0334]

In addition, the program executed by the computer
may be a program that performs the process in a time
series in the saguence described here cor may be a program
that performs the process in a parallel manner or at
necessary timing such as timing when the program is
called.

[03351

Furthermere, in this specification, a step
describing the program regorded on a recording medium
includes net only & process performed in a time series
aleng the described order buat also a process that is
performed in a parallel manner or an individual manner
without being necessarily processed in a time series.
[033¢6]

In addition, in this specification, a system
represents a whole apparatus that is configured by a
plurality of devices (apparatuses;.

103373

Furthermore, & configuration described above as one
device [(or one processing unit) may be divided so as To
be configured as a plurality of devices (or processing
units!. To the contrary, & configuration described above
as a plurality of devices (or processing units) may be
arranged to be configured as cne device (or one
processing unit). In addition, a configuration that has

not been described sbove may be added to the
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configuration of each device (or sach processing unit).
Furthermore, as long as the overall configuration and the
overall operation of the system are substantially the
same, a part of the configuration of a specific device
{or a specific processing unit} may be configured tc be
included in a configuration of another device {or another
processing unit). In other words, the present technology
is not limited to the embodiments described above, but
various changes may be made therein in a range not
departing from the concept of the present technology.
[0338]

The image encoding device and the image decoding
cdevice according to the embodiments described above can
be applied to various electronic apparatuses such as a
transmitter or a receiver for wired broadcasting such as
satellite broadcasting or cable TV, transmission on the
Internet, transmission Lo a terminal through cellular
communication, or the like, a recording apparatus that
records an image on a medium such as an optical disc, a
magnetic disk, or a flash memory, or a reproduction
apparatus that reproduces an image from the storage
medium. Hereinafter, four application examples will De
described.

[033%)
<5. Application Examples>
{First Application Example: Television Receliver]

Fig. 22 illustrates a schematic configuration
example of a television apparatus to which the above-
describad embodiment 1s applied. A televisicn apparatus
900 includes: an antenna 901; a tuner £02; a

demultiplexer 903; a decoder 904; a video signal
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processing unit 205; a display unit 906; an audio signal
processing unit 207; a speaker 208; an external interface
90%; a control unit %10; a user interface 911; and a bus
917z,

10340}

The tuner 902 extracts a signal of a desired
channel from a broadcast signal received through the
antenna 201 and demodulates the extracted signal. Then,
the tuner %02 outputs a coded bit stream acguired through
demodulation to a demultiplexer 303. In other words, the
tuner 902 serves as a transmission means of the
televigion apparatus 900 that receives a coded stream in
which an image is coded.

03417

The demultiplexer 903 separates a video stream and
an audio stream of a program to be watched from the coded
bit stream and outputs each separated stream to a decoder
904. In addition, the demultiplexer 903 extracts
auxiliary data such as EPG (Electronic Program Guide)
from the coded bit stream and supplies the extracted data
To a control unit 810. Furthermore, the demultiplexer
903 may perform descrambling in a case where the coded
bit stream is scrambled.

(03423

The decoder 904 decodes the video strszam and the
audio stream input from the demultiplexer 903. Then, thse
decoder 804 ocutputs video data generated by a decoding
process to a video signal processing unit 205, In
addition, the decoder 904 cutputs audio data generated by
the decoding process tTo an audio signal processing unit

9a7.
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[0343]

The video signal processing unit 205 reproduces the
video data input from the decoder 204 and causes a
displsay unit 906 to display video. The video signal
processing unit 205 may alsc cause the display unit 206
to display an application screen supplied through the
network. In addition, the video signal processing unit
905 may perform an additional process such as noise
remcval for the video data according to & setting.
Furthermore, the video signal processing unit 905 may
generate a GUI (Graphical User Interface} image such as a
menu, a button, and & cursor and superimpose the
generated ilmage on an outpuf image.

[0344]

The display unit 906 is driven accerding to a drive
signal supplied from the video signal processing unit 805
so as to display a video or image on a video screen of a
display device (for example, a liguild crystal displsy, a
plasma display, an CELD (Crganic Electroluminescence
Display (organic BEL display), or the like).

103453

The audio signal processing unit 807 performs a
reproducing process such as D/A conversion and
amplificaticn for the audio data input from the decoder
904 and causes a speaker 208 to ocutput the audic. In
addition, the audio signal processing unit 3807 may
perform an additional process such as nolise removal for
the audic data.

10346)
An external interface 20% is an interface for

connecting the television apparatus 200 to an external
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device or the network., For example, a video stream or an
audio stream received through the external interface 909
may e decoded by the decoder 204. In other words, the
external interface %09 alsc serves as a fLransmission
means of the television apparatus 200 that receives a
coded stream in which an image is coded.
i0347]

The contrcel unit 210 includes a processcr such as a
CPU and a memory such as a RAM or a ROM. The memory
stores a program executed by ths CPU, program data, EPG
data, data acguired through the network, and the like.
The program stored in the memory, for example, is read by
the CPFU on activaticn of the television apparatus 300 and
is executed. The CPU controls the operation of the
television apparatus 900, for example, according to an
operation signal input from a user interface 911 by
executing the program.
(03483

The user interface 211 is connected to the control

nterface 211, for example, includes

foi-

vnit 910. The usex
a pbutton and a switch for a user to operate the
televiszion apparatus 200, & recepticn unit for a remote
controel signal, and the like. The user interface 911
detects a user’s cperation through such componsnts,
generates an operation signal, and outputs the generated
operation signal to the contrcl unit 910.
[0349]

The bus 212 mutually connects the tuner 902, ths

dernu

fort

tiplexer %03, the decoder 204, the video signal
processing unit 205, the audio signal processing unit 8907,

the external interface 909, and the control unit 910.
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{03501

In the television apparatus 900 configured in this
way, the decoder 304 has the function of the image
decoding device according to the above-described
embodiment. Accordingly, when an image 1s decoded in the
television apparatus %00, the coding efficiency in a
multi~viewpoint coding process can bs lmproved.

(03517
[Second Application Example: Moblle Phone]

Fig. 23 illustrates an example of the schematic
configuration of a mobile phone to which the above-
described embodiment is applied. A mobile phone 820
includes an antenna 921, a communication unit 222, an
audic codec 923, a speaksy 824, a microphons 925, a
camera unit %26, an image processing unit 927, a
multiplexing/separating unit 926, a recocrding/reproducing
unit 929, a display unit 930, a contrel unit %31, an
operation unit 932, and a bus 833.

{03527

The antenna 921 1s connected to the communication
unit 822. The speaker 924 and the microphone 225 are
connected to the audio codec 923. The operaticen unit 832
i3 connected to ths control unit $31. The bus 933
mutually ceonnects the communication unit ®Z2Z, the audio
codec 923, the cameva unit 926, the image processing unit
827, the multiplexing/separating unit 9228, the
recording/reproducing unit 92%, the display unit 930, and
the control unit 231,

[0353]
The mebhile phone 920 perfcrms operation such as

transmission/reception ¢f an audio signal,
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transmission/reception of an e-mail or image data, image
capturing, and recording of data in various operation
modes including a voice call mode, & data communication
mode, an imaging mode, and a television-phone mode.
[0254]

In the voice call mode, an analog audic signal
generated by the microphone 925 is supplied to the audio
codec 823. The audic codec 923 converts the analog audic
signal into audio data, performs A/D conversion of the
converted audio data, and compresses the audio darta.
Then, the audioc codec 923 cutputs the compressed audio
data to the communication unit 922. The communication
unit 922 codes and medulates the audio data to generate a
transmission signal. Then, the communication unit 922
transmits the generated transmission signal to a base
gtation {not illustrated in the £figure] through the
antenna 9%21. In addition, the communication unit 922
amplifies a wireless signal received through the antenna
221 and performs frequency conversion of the wireless
signal, thereby acquiring a reception signal. Then, the
communication unit 922 generates audio data by
demodulating and decoding the reception signal and
outputs the generated audlc data to the audio codec 923.
The audioc codec 923 performs decompression and D/A
conversion of the audic data, thereby generating an
analoy audio signal. Then, the audio cedec 823 supplies
the generated audio signal to the speaker 924 to causes
audio to be outputted.

[0335]
In the data communication mode, for example, the

coentrol unit 931 generates character data configuring an
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e-mail according to a user’s operation performed through
the operation unit 932. In addition, the control unit
931 causes the display unit 830 to display characters.
The control unit 931 generates e-mall data according to a
transmission instruction from the user through the
operation unit 932 and outputs the generated e-mail data
to the communication unit 922. The communicaticon unit
8922 rcodes and modulates the e-mail data, thereby
generating a transmission signal. Than, the
communication unit 922 transmits the generated
transmission signal to a base station (not illustrated in
the figure) through the antenna 821. In addition, the
communication unit 522 performs amplification and
frequency conversion of the wireless signal received
through the antenna %21, thereby acquiring a recepticn
signal. Then, the communication unit 222 demodulates and
decodes the recepticn signal to restore the e-mail data
and outputs the restorved e-mail data to the control unit
431. The control unit 931 causes the display unit 230 to
display a content of the e-mall data and stores e-mail
data on a recording medium of the recording/reproducing
unit 929,

[0354]

The recording/reproducing unit 922 includes an
arbitrary readable and writable storage medium. For
example, the storage medium may be a bullt-in storags
medium such as a RAM and a flash memory oxr may be an
external mounting-type storage medium such as a hard disk,
a magnetic disk, a magneto-optical disc, an optical disc,
a USB (Universal Serial Bus}) memory, or a memory card.

[G357)
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In the imaging mode, for example, the camers unit
926 images an cobject to generate image data and oubputs
the generated image data to the imasge processing unit 827,
The image processing unit 927 codes the image data input
from the camera unit 926 and stores & coded stream on a
recording medium of the storing/reproducing unit 929.
10358)

In addition, in the television-phons mode, for
example, the multiplexing/separating unit 928 multiplexes
the video stream coded by the image processing unit 827
and the audio stream input from the audio codec 923 and
cutputs a resultant multiplexed stream to the
communication unit %22. The communication unit 922 codes
and modulates the stream, thereby generating a
transmission signal. Then, the communication unit 922
transmits the generated transmission signal to a base

tation {(not illustrated in the figure) through the

n

antenna 921. In addition, the communication unit 822
performs ampiification and frequency conversion of a
wireless signal received through the antenna 921, thersby
acguiring a reception signal. The transmission signal
and the reception signal are acquired with the coded bit
stream being included therein. Then, the communication
unit %22 restores the stream by demodulating and decocding
the reception signal and cubputs the restored stream Lo
the multiplexing/separating unit 928, The
multiplexing/separating unit 928 separates a video stream
nd an audio stream from the input stream and outputs the
video stream and the audic stream respectively to the
image processing unit 227 and the audio codec 923, The

image processing unit 927 decodes the video stream to
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gaenerate video data. The video data is supplied to the
display unit 930, and a series of images is displayed by
the display unit 930. The audio codec 823 periorms
decompression and D/A conversion of the audic stream,
thereby gensrating an analog audio signal. Then, the
audio codec 9223 supplies the generated audic signal to
th

0

D
in

peaker %24 to cause an audio to be outputted.
]

In the mobille phone %20 configured in this way, the

(05 ]

5

[
A0

image processing unit 227 has the functions of the image
encoding device and the image decoding device according
to the above-described embodiments. Accordingily, when an
image 1s coded and decoded in the mobile phone 220, the
coding efficiency in a multi-viewpolnt ceding process can
be improved.

[0360]

[Third Application Example: Recording/Reproducing
Apparatus]

Fig. 24 1s a bklock diagram that illustrates an
axample of the schematic configuration of a
recording/reproducing apparatus to which the above-
describhed embodiment is applied. A recording/reproducing
apparatus 940, for example, codes audio data and video
data of a received broadcast program and records the
coded data on a recording medium. In addition, the
recording/reproducing apparatus %40, for example, may
code audio data and vidso data scguired from another
apparatus and record the coded data on a recording medium.
Furthermore, the recording/reproducing apparatus 940, for
example, reproduces the data recorded on the recording

medium using the monitor and the speaker according to a
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user’'s instruction. At that time, the
recording/reproducing apparatus 940 decodes the audio
data and the video data.

[0361]

The recording/reproducing apparatus 940 includes: a
tuner 941; an external interface unit 842; an encoder
943; a hard disk drive (HDD) unit 944; a disk driver 945;
a selector 946; a decoder 947; an on-screen display (03D)
unit 948; a control unit 649; and a& user interfacs unit
950.

[0362]

The tuner %41 extracts a signal of a desired
channel from a broadcast signal received through an
antenna {not illustrated in the figure) and demodulates
the extracted signel. Then, the tuner 941 outputs a
coded bit stream acquired by the demodulation process to
the selector 946. In other words, the tuner 241 serves
as a transmission means of the recording/reproducing
apparatus 940.

[0363)

The external interface unit 542 is an interfacs
used for connecting the recording/reproducing apparatus
940 and an external device cor the network. The external
interface unit 942, for example, way be an ILEE 1394
interface, a network interface, a USE interface, a flash
memory interfacs or the like. For example, the video
data and the audioc data received through the external
interface unit %42 are input to the enceder %43. In
other words, the external interface unit %42 serves as
the transmission means of the recording/reproducing

apparatus 840,
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[0364]

In =z case where the video data and the audio data
input from the external interface unit 8942 are not coded,
the encoder 943 codes the video data and the audio data.
Then, the encoder %43 outputs a coded bit stream to the
selector 246.

10365)

An HDD unit 944 records the coded bit stream in
which contents data such as a video and am audioc is
compressad, various programs, and other data in an
internal hard disk. When a videco and an audio are
reproduced, the HDD unit 944 reads data thereof from the
hard disk.

[0366]

The disk drive %45 records and reads data cn/from a
icaded recording medium. The recording medium loaded
into the disk drive 945, for example, may be a DVD disc
(a DVD-Video, a DVD-RAM, & DVD-R, a DVD-RW, DVDHR, a
DVD+RW or the like), a Rlu-ray {registered trademark)
disc, or the like.

[G367]

When a video and an audic are recorded, the
selector 946 selects a coded bit stream input from the
tuner 941 or the encoder 243 and outputs the selected
coded bit stream to the HDD unit %44 cr the disk drive
94%, In addition, when the video and the audio are
reproduced, the selector 946 outputs the coded bit stream
input from the HDD unit 944 or the disk drive 945 to the
decoder 8547,

[0368]

The decoder %47 decedes the coded bit stream to



15

20

30

105
SP351692W000

generate video data and audio data. Then, the decoder
947 outputs the generated video data te an OSD unit 948.
In addition, the decoder 947 outputs the generated audio
data to an external speaker.
03691

The 03D unit 248 reproduces the video data input
from the decoder 247, thereby displaying the video. The
O30 unit %48 may superimpose an image of a GUI such as a
menu, & button, a curscr, or the like on the displayed
video.
[0370]

The control unit 949 includes & processor such as a
CPU and a memory such as a BAM or a ROM. The memory
stores a program executed by the CPU, program data, and
the like. The program stored in the memory, for example,
is read and executed by the CPU on activation of the
recording/reproducing apparatus 944. The CPU controls
the cperation of the recording/reproducing apparatus 540,
for example, according to an operaticn signal input from
the user interface unit 950 by executing the program.
03711

The user interface unit 950 is connected to the
control unit 949, The user interface unit 950, for
erample, includes a button and & switch for the user to
operate the recording/reproducing apparatus 940 and a
reception unit for a remote control signal. The user
interface unit %50 detects s user’s gperation Through the
constituent elements to generate an operation signal and
cutputs the generated operatlion signal to the control
unit 243,
[0372]
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In the recording/reproducing apparatus 940
configured in this way, the encoder %43 has the function
of the image encoding device according to the above-
described embodiment. In addition, the decoder 947 has
the function of the image decoding device according to
the above-described embodiment. Accordingly, when an
image is coded or decoded in the recording/reproducing
apparatus %40, the coding efficiency in a multi-viewpoint
ceding process can be improved.

103737
[Fourth Application Example: Imaging Apparatus]

Fig. 25 illustrates an example of the schematic
configuraticn of an imaging apparatus to which the above-
described embodiment is applied. &An imaging apparatus
960 images an object to generate an image, codes the
image data, and records the coded image data on a
recording medium.

(G374

The imaging apparatus 960 includes an optical block
961, an imaging unit %62, a slignal processing unit 963,
an image processing unit %64, a display unit 965, an
extarnal interface 966, a memory %67, a media drive 968,
an 0SD 9989, a control unit 870, a user interface 971, and
a bus 97Z.

(03753

The optical block 861 15 connected to the imaging
unit 862. The imaging unit %62 is connected te the
signal processing unit %63. The display unit 965 is
connected to the image processing unit 964. The user
interface 971 is connected to the control unit 270. The

bus 972 mutualily connects the image procegsing uanit 964,
¥ P
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the external interface 966, the memory 967, the media
drive 968, the 08D 2¢%, and the control unit 870,
[G376]

The optical block 261 includes a focus lens, a
diaphragm mechanism, and the like. The optical block 961
forms an optical image of the okject on an imaging
surface of the imaging unit 96Z. The imaging unit 862
includes an image sensor such as a charge coupled device
(CCD) and a complementary metal oxide semiconductor
{CMOS) and converts the optical image formed on the
imaging surface into an image szignal as an electric
signal through phetoelectric cenversion. Then, the
imaging unit 962 cutputs the image signal to ths signal
processing unit 2463.

[6377]

The signal processing unit 963 performs various
camera signal processes such as a knee correction, a
gamma correction, a color correction, and the like for
the image signal input from the imaging unit 262. Thes
signal processing unit 963 outputs the image data after
the camera signal processes Lo Lhe image processing unit
964.
i0378]

The image processing unit €64 codes the image data
inpur from the signal precessing unit 963 to generate
coded data. Then, the image processing unit %64 cutputs
the generated coded data to the external interface 966 cor
the media drive $68. In addition, ths image processing
unit 964 deccdes the coded data input from the external
interface 966 or the media drive 268 to generate lmage

data. Then, the image processing unit %64 ocutputs the



10

15

25

30

108
SP351692W0O00

generated image data to the display unit %65. iIn
addition, the image processing unit 284 may output the
image data input from the signal processing unit %63 to
the display unit 965 to display the image. TFurthermore,
the image processing unit %64 may superimpose data for
display that is acguired from the 03D %6% on the image
output to the display unit 965.

{0379]

The ©O3D 969, for example, generates an image of &
GUI such as a menu, a button, a cursor, or the like and
outputs the generated image to the image processing unit
964.

[G380]

The external interface %66, for example, is
configured as an USB input/output terminal. The extsrnal
interface 266, for example, connects the lmaging
apparatus 960 and a printer when an image is printed. In
addition, a drive is connected to the external interface
566 as is necessary. A removable medium such as a
magnetic disk or an optical disc is lecaded into the drive,
and a program read from the removable medium may bs
installed to the imaging apparatus %60. Furthermore, the
axternal interface 966 may be configured as a network
interface that is connected to a network such as a LAN,
the Internet, or the like. In other words, the external
interface 966 serves as a transmission means of the
imaging apparatus 960.

[0381]

The recording medium loaded into the media drive

968, for example, may be an arbitrary readable/writable

remo le 1 ium such as ma i disk, a magneto-
¥ vable medium h as a net disk magnet
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optical disk, an optical disc, cor a ssmiconductor memory.
In additien, it may be configured such that a recording
medium is fixedly mounted to the media drive 268 to
configure a non-portable storage unit such as a built-in
hard disk drive cr an solid state drive {S38D).
[0382]

The contrel unit 970 includes a processor such as a
CPU and a memory such as a RAM or a ROM. The memory
stores a program executed by the CPU, program data, and
the like. The program stored in the memory 1s read by
the CPU, for example, on actlvation of the imaging
apparatus %60 and is executed. The CPU controls the
operation of the imaging apparatus 260, for example,
according to an operation signal input from the user
interface 971 by executing the prcgram;
(03831

The user interface 971 1s connected to the control
unit 870. The user interface 971, for example includes a
butiton, a switch, and the like for a user Lo operate the
imaging apparatus %60. The user interface 971 cetects a
user’s gperation through the constituent elements to
generate an operation signal and cutputs the generated
operation signal to the control unit 270,
{0384]

in the imaging apparatus %60 configured in this way,
the image processing unit 964 has the functions of the
image encoding device and the image decoding device
according to the above-described embodiments.
Accordingly, when an image is coded or decoded in the
imaging apparatus 960, the coding efficlency in a multi-

viewpolint coding process can be improved.
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[0385]

<6. Fifth Embodiment>
[Cther Examples]

In the description presented above, while the
examples of the devices and system, or the like to which
the present technology is applied have been described,
the present technology is not limited thereto. Thus, the
present technolcogy may be applied as all the
configurations mounted to a device configuring such a
device or system, for sxample, a processor as a system
large scale integration (LSI) or the like, a module that
uses a plurality of processors or the like, a unit that
uses a plurality of modules or the like, or & set or the
like (in other words, a part of the configuration of the

d

)

vice) acquirad by adding other functions to the unit.

"

386]

<

IVideo Set]

an exanmple of a case where the present technology
iz applied as & set will be described with reiference to
Fig. 26. PFig. 26 illustrates an example of the schematic
configuration of a video set to which the present
technology is applied.
[G387]

Recently, the implementation of multiple functions
of an electyonic device is in progress, and, in the
development or the manufacturing thereof, 1in a case where
a part of the configuration 1s provided for sale,
provision, or the like, there are not only a case where
the configuration having one function is applied but also
a case where one &t having a plurality of functions,

which is acguired by combining a plurality of
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configurations having relating function, is applied,
which iz widely used.
10388}

A video set 1300 illustrated in Fig. 26 has such a
multi-function configuration and is acgquired by combining
a device having a function relating to image coding cr
image decoding (any one thereof or both thersof) with
devices having other functions relating to the function.
43891

As illustrated in Fig. 26, the video set 1300
includes a module group that includes a video meodule 1311,
an external memory 1312, a power management module 1313,
& front end module 1314, and the like and devices having
related functions of a connectivity 1321, a camera 1322,
a sensor 1323, and the like.

[0320]

A module is formed as a component having a function
having unity by arranging several component functions
relating to each other together. While a specific
physical cenfiguration is arbitrary, for example, a

module acguired by arranging a plurality of processors

0

each having a function, an slectronic circulilt component

such as a resistor or a capacitor, and other devices or
the like on a wiring board or the like sc as to be
integrated together may be considered. In addition, it
may be considered to form a new module by combining a
module with other modules, processors, and the like.
{0391}

In the example illustrated in ¥Fig.26, the wiceo
module 1311 is acguired by combining configurations

having functions relating to image processing and
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includes: an application processor; a video processor; a
broadband modem 1333; and an RF module 1334.
[06392]

The processor is acquired by integrating a
configuration having a predetermined function cn a
semiconductor chip as system on a chip (30oC) and, for
example, there I1s also the processor that is called a
system large scale integration (L3I} or the like. The
configuration having the predetermined functicn may be a
logic circuit (hardware cenfiguration}, a configuraticn
including a CFU, a ROM, a RAM, and the like and a progran
(software configuration) executed using them, or a
configuration combining both the configurations described
above. For example, 1t may be configured such that the
processor includes logic circults, a CPU, a ROM, a RAM,
and the like, some functions are realized by the logic
circuits (hardware configuration), and the other
functions are reallzed by a pregram (scftware
configuration} executed by the CPU.

[G383)

An application processcr 1331 illustrated in Fig.
26 is a processor that executes an appilication relating
te image processing. In order to realize predetermined
functions, the application executed by the application
processor 1331 may not only perform a calculation process
put alsec control the configuraticons of the inside and the
outside of the video module 1311 such as a videc
processor 1332 as is necessary.

[0394)
The video processcor 1332 is a precessor that has a

function relating to image coding and image decoding (one
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thereof or both thereof}.
[G395]

The broadband modem 1333 is a processor (or a
module) that performs the process relating to wired ox
wireless {or both thereof) breadband communication
performed through a broadband line such as the Internet
or a public telephone network. For example, the
broadband modem 1333 converts data {digital signal] to be
transmitted intoe an analog signal through digital
medulation or the like or demodulates a received analog
signal so as to be converted into data (digital signal).
For example, ths broadband modem 1333 can perform digital
modulation/demodulation of arbltrary information such as
image data processed by the video processor 1332, a
stream in which the image data is coded, an application
program, setting data, and the like.

{0386}

The RF module 1334 is a module that performs
freguency conversion, modulation/demodulation,
amplification, a filter process, and the like for an RF
{Radic Freguency) signal that 1s transmitted/received
through an antenna. For example, the RF module 1334
generates an RF signal by perfcrming freguency conversion
and the like for a baseband signal generated by the
broadhand modem 1333, In addition, for example, the RF
module 1334 generates a baseband signal by performing
frequency conversion and the like for an RF signal
received through the front end module 1314.

(03977
In addition, as denocted by a dotted line 1341 in

Fig. 26, the application processcr 1331 and the video
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processoer 1332 may be integrated so as to be configured
A3 One Pprocessor.
[0398)

The external memory 1312 is a module that is
disposed cutside the video module 13211 and includes a
storage device used by the videco module 1311. The
storage device of the external memcry 1312 may be
realized by a certain physical configuration. However,
generally, since the storage device is frequently used
for storing data having a large capacity such as image
data configured in units of frames, the storage device is
preferably realized by a semiconductor memory that has a
large capacity et relatively low cost such as a dynamic
random access memory {(DRAM) .

[039¢]

The power management module 1313 manages and
controls the supply of power to the video medule 1311
{each configuration within the videc module 1311).

(04001

The front end meodule 1314 1s a module that provides
a front end function {(a transmission/reception—end
circuit on the antenna sidej for the RE module 1334. As
iilustrated in Fig. 26, the front end module 1314, for
example, Iincludes an antenna unit 1351, a filter 135Z,
and an amplification unit 1353,

(04011

The antenna unit 1351 includes an antenna that
transmits/receives a wireless signal and & peripheral
configuration thereof. The antenna unit 1321 transmits a
signal supplied from the amplification unit 1353 as a

wireless signal and supplies a received wireless signal
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{RF signal).

signal
like

process and the

}

elect

filter 1352 as an ri
lte

[t

to the
Filter 1392 performs a

through the antenna unit 1351

t+
i..:

The

for the RF signal received

and supplies the RF signal after the process to the RFE
The amplification unit 1353 amplifies the

LR

module 1334.
R¥ signal supplied from the RF module 1334 and supplies
the amplified RF signal to the antenna unit 1351.

104021
The connectivity 1321 1is a medule that has a
function relating to a connection to the outside. The

10
physical configuration of the connectivity 1321 is
the connactivity 1321 includes a

arbitrary. For exampie,
configuration having a communicaticn function other than

the communication specification to which the broadband
external input/output terminals,

modem 1333 corresponds,

i5
and the like.
[0403]
For example, the connectivity 1321 may be
configured‘to inciude a module having communicatbion
20 functions that are compliant with radio communication
specifications such as Bluetooth (registered trademark),
wireless fidelity (Wi~Fi;
{NEFCY,

{for example,
near field communication

IEEE 802.11
and an antenna that

reglstered trademark)),
(IrDAa)

and InfraRed data association
transmits/receives signals that are compliant with the
for example, the

™~
n

In addition,

48]

specifications.
connectivity 1321 may be configured to include a module

bh
j.—-i

re compliant with

having communication functions that

wired communication spscifications such as universal
and high-definiticn multimedia interface

serial bus (USB)
and terminals that are

(registered trademark) {HDMI)

30
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compliant with the specifications. Furthermore, for
example, the connectivity 1321 may ke configured to have
an additional data {(signal} transmission function and the
like of anslog input/output terminals or the like.

[0404]

In addition, the connectivity 1321 may be
configured to include a device that is the transmission
destination of data (signal). For example, the
connectivity 1321 may be configured te include a drive
{including net only a drive of a removable medium but
also a hard disk, a solid state drive (38D), a network
attached storage {NAS), and the like) that performs data
reading or data writing for a recording medium such as a
magnetic disk, an optical disc, a magneto-optical disk,
or a semiconductor memory. Furthermore, the connectivity
1321 may be configured to include an output device {a
monitor, a speaker, or the like} of an image or an audio.
[0405]

The camera 1322 is a module that has a functicon for
T.

i)

acqulring imags data of a subject by imeging the subjec
The image data acquired by an imaging process performed
by the camera 1322, for example, 1s supplied to the videc
processor 1332 and is coded.

[0405]

The senscr 1323 1s a module that has the function
of an arbitrary senscr such as an audic sensor, an
ultrasonic sensor, an optical sensor, an illuminance
sensor, an infrared sensor, an image sensor, a rotatlon
sensor, an angle sensor, an angular velocliy senscr, a
speed sensor, an acceleration sensor, a bilt senscr, a

magnetic identification sensor, an impact sensor, or a
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temperature sensor. bDate that is detected by the sensor
1323, for example, is supplied to the application
processor 1331 and 1s used by the application and the
like.

10407

In the description presented above, each
configuration described as a module may be realized by a
processor, and each configuration described as a
processor may be rvealized by 2 module.

[0408)

As will be described later, the present technology
may be applied to the video processocor 1332 of the videco
set 1300 having the configuration as describad above.
Accordingly, the video set 1300 may be configured as the
set to which the present technology is applied.

[0409]
{Configuration Example of Video Processor]

Fig. 27 illustrates an example of the schematic
configuration of the video processor 1332 (¥Fig. 26} to
which the present techrnolegy is applied.

(04107

In the axample illustrated in Fig. 27, the wvideo
processor 1332 has a function for receiving an input of a
video signal and an audio signal and coding the receilved
signals in accordance with a predetermined system and a
function for decoding coded video data and coded audio
data and reproducing and cutputting & video signal and an
audio signal.

(0411]
As i1llustrated in Fig. 27, the video processor 1332

includes: a videco input processing unit 1401; a first
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image enlargement/reduction unit 1402; a second image
enlargenment/reduction unit 1403; a video output
processing unit 1404; a frame memory 140%; and a memory
control uwnit 1406. In addition, the videco processor 1332
includes: an encoding/deceding engine 1407; video
glementary stream (ES) buffers 1408A and 1408B, and audio
BS buffers 140%A and 1409B. In addition, the video
processcr 1332 includes: an audioc encoder 1410; an audio
decoder 1411; a multiplexer (MUX) 1412; a demultiplexer
(DMUX) 1413; and a stream buffer 1414.

[0412]

The wvideo input processing unit 1401, for example,
acguires a wideo signal input from the connectivity 1321
{Fig. 2¢; or the like and converts the acguired wvideo
signal into digital image data. The first image
anlargement/reduction unit 1402 performs format
conversion and an image enlargenment/reduction process for
the image data. The second image enlargement/reduction
unit 1403, for the image data, performs an image
enlargement/reduction process in accordance with a format
of the output destinatiecen through the video ocutput
processing unit 1404 or performs format conversion, an
image enlargement/reduction process, which are similar to
these of the first image enlargement/reduction unit 1402,
and the like. The video cutput processing unit 1404
performs format conversion, conversion into an analog
signal, and the like for the image data and ocutputs a
resultant gignal, for example, tc the connectivity 1321
{Fig. 28) or the like as a reproduced video signal.

(0413

The frame memory 1403 is a memory for image data
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that is shared by the video input processing unit 1401,
the first image enlargement/reduction unit 1402, the
second image enlargement/reduction unit 1403, the video
output processing unit 1404, and the ancoding/decoding
engine 1407. The frame memory 1405 1s realized as a
semiconductor memory such as a DRAM.
(04143

The memory control unit 1406 receives a
synchronization signal supplled from the
encoding/decoding engine 1407 and controls an access to
the frame memory 1405 for writing/reading in accordance
with an access schedule for the frame memory 1405 that is

written into an access management tTable 1406A. The

3

access management table 1406A is updated by the memory
contrel unit 1406 in accordance with the process that is
performaed by the encoding/deccding engine 1407, the first
image enlargement/reduction unit 1402, the second lmage
enlargement/reduction unit 1403, and the like.

[0415]

The encoding/decoding engine 1407 performs an
encoding process of image data and performs a decoding
process of a video stream that is acquired by'coding the
image data. For example, the encoding/dscoding engine
1407 codes the image data read from the frame memory 1405
and sequentially writes the read image data into the
video ES bhuffer 14084 as a video stream. In addition,
for example, the encoding/decoding engine 1407
sequentially reads the video stream from the video ES
buffer 1408B, decodes the read video stream, and
sequentially writes the decoded video stream intc the

frame memory 1405 as image data. The encoding/decoding
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engine 1407 uses the frame memory 14405 as a work area 1in
such coding or decoding processes. In addition, the
encoding/decoding engine 1407, for example, at the timing
of starting the process of each macroblock, outputs a
synchronization signal to the memory control unit 1406,
(0416

Thne video ES buffer 1408A buffers the video streaam
generated by the encoding/decoding engline 1407 and
supplies the video stream tc the multiplexer (MUX) 1412.
The video ES buffer 1408B buffers the video stream
supplied from the demultiplexer {DMUX) 1413 and suppliies
the video stream to the encoeding/decoding engine 1407.
[9417]

The audio ES buffer 14082 buffers the audioc stream
generated by the audic encoder 1410 and suppliss the
audio stream to the multiplexer (MUX) 1412. The audic ES
buffer 14038 buffers the audio stream supplied from the
demultiplexer (DMUX) 1413 and supplies the audio stream
te the audioc decoder 1411.

{04183

The audio encoder 1410 converts an audio signal,
for example, input from the connectivity 1321 (Fig., 26)
or the like, for example, into a digital signal and codes
the converted audio signal in accordance with a
predetermined system such as an MPEG audlio system or an
AudioCods number 3 {AC3) system. The audio encoder 1410
segusntially writes audic streams that are data acguired
by coding the audioc signals into the audio ES buffer
1409A. The audio decoder 1411 decodes the audio stream
supplied from the audio BES buffer 1409B, performs

conversion of the decoded audic stream, for example, into
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an analog signal and the like, and supplies the converted
signal, for example, to the connsctivity 1321 [(Fig. 256)
and the like as a reproduced audic signal.

[0419]

The multiplexer (MUX) 1412 multiplexes the wvideo
streamn and the audio stream. The multiplexing method [(in
othar words, the format of a bitstream generated by the
multiplexing) is arbitrary. In addition, at the tLime of
multiplexing, the multiplexer (MUX) 1412 may add
predetermined header information or the like to the bit
stream. In other words, the multiplexer (MIX) 1412 can
convert the format of the stream through the multiplexing
process. For example, by multiplexing the video stream
and the audio stream, the multiplexer (MUX) 1412 converts
the vides stream and the audic stream into a transport
stream that is a bitstream having a format for
transmission. In addition, for example, by multiplexing
the video stream and the audio stream, the multiplexer
(MUX) 1412 converts the video stream and the audio stream
into data (file data) having a format for recording.
[0420]

The demultiplexer (DMUX) 1413 demultiplexes the bit
stream in which the video stream and the audic stream are
multiplexed using a method corresponding to the
multiplexing process performed by the multiplexer {(MUX)
1412. In other words, the demultiplexer (DMUX) 1413
extracts a video stream and an audic stream from the
bitstream read from the stream buffer 1414 {the video
stream and the audioc siream are separated). In other
words, the demultiplexer (DMUX) 1413 can convert (inverse

conversion of the conversion performed by the multiplexer
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MUY 1412) the format of the stream through the
demultiplexing process. Feor example, the demultiplexer
(DMUX) 1413 acquires the transport stream, for example,
supplied from the connectivity 1321 (Fig. 26€), ths
hroadband modem 1333, or the like (Fig. Z6) through the
stream buffer 1414 and demultiplexes the acquired
rransport stream, thereby converting the transport stream
inte & video stream and an audio stream. In addition,
for example, the demultiplexer (DMUX) 1413 acqguires file
data read from varicous recording media, for example, by
the connectivity 1321 {Fig. 26) through the stream buffer
1414 and demultiplexes the acquired file data, theresby
converting the file data into a video stream and an audic
stream.
(04211

The stream buffer 1414 buffers the bitstream. For
example, the stream buffer 1414 huffers the transport
stream supplied from the multiplexer (MUX) 1412 and
suppliies the transport stream, for example, to the
connectivity 1321 (Figu 26}, the broadband modem 1333
(Fig. 26), and the like at predetermined timing or bhased
on a request tranasmitted from the outside.
(04223

In additicn, for example, the stream buffer 1414
buffers the file data supplied from the multiplexer (MUX)
1417 and supplies the file data, for example, to the
connectivity 1321 (Fig. 2¢) and the like at predetermined
timing cr pased on a reguest transmitted {rom the outside
so as to ke recorded in any cne of various recording
media.

[0423]
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Furthermore, the stream buffer 1414 buffers the
transport stream acgquired, for example, through the
connectivity 1321 (Fig. 26}, the broadband modem 1333
(Fig. 26), or the like and supplies the transport stream
to the demultiplexer {(DMUX) 1413 at predetermined timing
or based on a reguest from the outside, and the like.
(04241

in addition, the stream buffer 1414 buffers the
file data read from various recording media, for ezxample,
by the connectivity 1321 (Fig. 26} or the like and
supplies the file data to the demultiplexer (DMUX) 1413
at predetermined timing or based on a reguest from the
outside or the like.

[9425]

Next, an example of the operation of the video
processor 1332 having such a configuration will be
described. For example, a video signal input to the
video processor 1332 from the conmectivity 1321 (Fig. 26)
or the like is converted into digiltal image data
according to a predetermined system such as the
412:2Y/Ch/Cr system by the videc input processing unic
1401 and is sequentially written into the frame memory
1405, This digital image data is read by the first image
enlargenent/reduction unit 1402 or the second image
enlargement/reduction unit 1403, and & format conversion
inte a predetermined system such as the 4:2:0Y/Ch/Cr
system or the like and the enlargement/reduction process
is performed for the digital image data, and the
processed digital image data is written again into the
frame memory 1405. This image data 1s coded by the

encoding/decoding engine 1407 and is written into the
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video BES buffer 14082 as a video stream.
[0426]

In addition, the audic signal input from the
connectivity 1321 (Fig. 26} or the likes to the wvideo
processor 1332 is coded by the audic encoder 1410 and is
written intce the audio ES buffer 14023 as an audio stream.
[0427]

The video stream stored in the video &3 buffer
1408A and the audio stream stored in the audio ES buffer
14098 are read by the multiplexrer (MUX) 1412, are
multiplexed, and are converted into a transport stream,
file data, or the like. The transport stream generated
by the multiplexer (MUX) 1412 is buffered into the stream
buffer 1414 and then is ocutput te the external network,
for example, through the connectiwvity 1321 (Fig. 26), the
broadband modem 1333 (Fig. 2%}, or the like. In addition,
the file data generated by the multiplexer {(MUX) 1412 is
buffered into the stream buffer 1414, then is output, for
example, to the connectivity 1321 (Fig. 26} or the like,
and 18 recorded in any one of various recording media.
[0428]

In addition, the fransport stream that is input
from the external network to the video processor 1332,
fer example, through the connsctlvity 1221 (Fig. 26}, the
broadband modem 1333 (Fig. 26}, or the like 1s buffersd
into the stream buffer 1414 and then is demultiplexed by
the demultiplilexer [(DMUX) 1413. In addition, the file

data that lg read from any one of the variocus recording

B

media, for example, by the connectivity 1321 (Fig. 26&) or
3

32 1

0%
w

the like and is input to the video processcor 1

3

peae

huffered into the stream buffer 1414 and then



o

10

[
n

20

30

125
SP351682W000

demultiplexed by the demultiplexer (DMUX) 1413. In other
words, the transport stream or the file data input to the
video processor 1332 is separated into a video stream and
an audio stream by the demultiplexer (DMUX)} 1412.
[0429]

The audio stream is supplied to the audio decoder
1411 through the audioc ES buffer 1409B and is decoded,
and the audio signal is reproduced. In addition, the
video stream 1s written into the video ES buffer 1408E,
then is sequentially read by the encoding/decoding engine
14067, 1is decoded, and is written into the frame memory
1405. The deccded image data is processed to be enlarged
or reduced by the second image enlargement/reduction unit
1403 zand is written into the frame memory 140%. Then,
the decoded image data is read by the video output
processing unit 1404, has the format converted into a
predetermined system such as the 4:2:2Y/Ch/Cr system, and
is further converted into an analog signal, and the video
gsignal 13 reproduced and output.
{04307

In a case where the present technoloegy is applied
to the video processor 1332 configured as such, the
present technology according to sach embodiment described
above may be applied to the encoding/decoding engine 1407.
In other werds, for example, an encoding/decoding engine
1407 may be configured to have the functions of the image
encoding device 100 (Fig. 1) according to the first
embodiment and the image decoding device 200 (Fig. 14)
according to the second embodiment. In addition, for
example, the encoding/decoding enginsg 1407 may be

configured to have the functions cof the image encoding



83

10

15

20

25

30

gt
B
o

3P351652W000

device 300 (Fig. 192} and the image decoding device 350

{Fig. 20} according to t

ne third embodiment. Fuarthermors,

for example, the encoding/decoding engine 1407 may be

configured to have the functions of the image encoding

device 200 (Fig. 14) and the image decoding device 350

(Fig. 20} according to the second embodiment. By

configuring as such, the video processor 1332 can acquire

the same advantages as the advantages described above

with reference to Figs.

[C431)

1 to 18.

In addition, in the enccding/decading engine 1407,

the present technology (

in other words, the functions of

the image encoding device and the image decoding device

according to each embodiment described above) may be

realized by hardware such as logic circuits, may be

realized by software such as a built-in program, or may

ke realized by both the

[0432]

hardware and the sofrware.

[Another Ceonfiguration Example of Video Processor]

Fig. 28 1s a diagram that illustrates another

example of the schematic configuration of the video

processor 1332 {Fig. 26)

to which the present technology

is applied. In the case of the example illustrated in

Fig. 28, the video processor 1332 has a function for

coding/deceding the video data in accordance with a

predetermined system.
(04337

Mcre specifically,

as illustrated in Fig. 28,

video processor 1332 includes: a control unit 15%13%;

display interface 1512;

processing engine 1514;

th

a

wi

a display engine 1513; an image

and an internal memory 1515.

In
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a codec

the video processcr 1232 includes:
a
a network

a memory Interface 1517;
1518§;

addition,

engine 1516;

multiplexer/demultiplexer (MUX DMUX)
and a video interface 1520.

interface 1519;
[0434]
The control unit 1311 controls the operations of
processing units arranged within the video processor 1332
the display engine

and the codec

such as the display interface 1512,
the image prcocessing engine 1514,

1513,

engine 1516,
the control unit 1511,

10

[0435]

As illustrated in Fig. 28,

includes a main CPU 1531, a sub CPU 1532,
The main CPU 1331 executes

for example,
and & system controller 1533,
program that is used for controlling the operation of

-

15 =&
each processing unit disposed within the video processor

The main CPU 1531 generates a control signal in

1332,

accordance with the program or the like and supplies the
control signal to each processing unit {(in other words,
The sub

20 centrols the operation of sach processing unit).
CPU 1532 achieves an auxiliary role for the main CPU 1531.
the sub CPU 1532 executes a child process, a

and the like of the program or the like
The system controllerx

For example,

sub routine,
executed by the main CPU 1531.
25 1533 controls the operations of the main CPY 1531 and the
sub CPU 1537 such as designation of programs o be
1531 and the sub CPU 1532,

executed by the main CPU
[0438)
The display interface 1512 outputs the image data,
(Fig. 26) or the
1511. For

o fthe connectivity 1321
unit

for example,
the control cof the control

30
like under
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gxample, the display interface 1512 converts the image
data that is digital data into an analog signal and
outputs the image data to the monitoring device or the
like of the connectivity 1321 {(Fig. 26) as a reprcduced
video signal or the image data that 1s the digital data.
[0437]

The display engine 1513, under the control cf the
contrel unit 1511, performs various conversion processes
such as a format conversion, a size conversion, and a
color gamut conversion for the image data so as to be
adiusted to the hardware specifications of the monitoring
device displaving the image or the like.

[0438]

The image processing engine 1514, under the contrel
of the control unit 1511, performs pradetermined image
processing such as a filter process for improving the
image guality or the like for the image data.

10439]

The internal memory 1515 is a memory disposed
inside the video processor 1332 that is shared by the
display engine 1513, the image processing engine 1514,
and the codec sngine 1516, The internal memory 1515, for
example, 1s used for data interchange performed ameng the
display engine 1513, the image prccessing engine 1514,
and the codec engine 1516. For example, the internal
memory 1515 stores data supplied from the display engine
1512, the image processing engine 1514, or the codec
engine 1516 and supplies the data to the display engine
1513, the image processing engine 1514, or the codec
engine 151€ as is necessary (for example, in accordance

with a request). While this internal memory 1515 may be
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reallzed by any storage device, generally, the internal
memory 1515 1s fregquentivy used for storing data having a
small capacity such as image data configured in units of
blocks or parameters, and accordingly, it is preferably
realized by a semiconductor memory having a relatively
small capacity (for example, compared to the external
memory 1312} and a high response spesed such as a SRAM
{Static Random Access Memory) .
(044073

The codec engine 15146 performs the process relating
te coding or decoding image data. The coding/decoding
system to which the ccdec engine 1516 corresponds is
arbitrary, and the number thersof may be one or two or
mora. For example, the codec engine 1516 may include a
codec function of a plurality of coding/decoding systems
and perform the coding of image data or the decoding of
coded data by using selected one of the pilurality of
coding/decoding systems.
rg4417

In the example illustrated in Fig. 28, the codec
engine 1516, for example, includes MPEG-2 Video 1541,
AVC/E.264 1542, HEVC/H.265 1543, HEVC/H.265 (Scalable)
1544, HEVC/H.265 (Multi~view) 1345, and MPEG-DASH 1551 as
functional blocks of the process relating to the codec.
(04427

The MPEG-2 Video 1541 is a functioconal block used
for coding or decoding image data in accordance with the
MPEG-2 system. The AVC/H.Z64 1542 is a functional block
used for coding or decoding image data in accordance with
the AVC system. In addition, the HEVC/H.Z265 1543 is a

functicnal block used for coding or decoding image data
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in accordance with the HEVC system. The HEVC/H.265
{Scalable) 1544 is a funcfional block used for scalable
coding or scalable decoding image data in accordance with
the HEVC system. The HEVC/H.Z265 (Multi-view) 1545 is a
functional block used for multiple viewpcint coding or
multiple viewpoint decoding image data in accordance with
the HEVC system.

[0443]

The MPEG-DASH1SS1 is a functional block used for
transmitting/receiving image data in accordance with an
MPEG-dynamic adaptive streaming over HTTP (MPEG-DASH)
system, The MPREG-DASH is a technology for streaming &
video by using a HyperText transfer protocol (HTTF) and
has a feature that one is selected from among a pluralilty
of pieces of coded data having mutually-different
resolutions and the like, which are prepared in advance,
in anits of segmants and is transmitited. The MPEG-DASH
1551 performs generation of a stream, transmission
control of the stream, and the like that are compliant
with the specification, and, for coding/decoding image
data, uses MPEG-Z Video 1541 or HEVC/H.265 {Multi-view)
1545 described above.

04443

The memory interface 1517 is an interface used for
the external memory 1312. Data supplied from the image
processing engine 1514 or the codec engins 1516 is
supplied to the external memory 1312 through the memcry
interface 1517. In addition, the data read from the
external memory 1312 is supplied to the video processor
1332 {the image processing engine 1514 cor the codec

angine 1516) through the memory interface 1517.
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[0445]

The multiplexer/demultiplexer (MUX DMUX) 1518
maitiplexes or demultiplexes wvarious kinds of data
relating to an image such as a bitstream of coded data,
image data, or a video signal. The
maltiplexing/demultiplexing method is arbitrary. TFor
exanmple, at the time of the multiplexing process, the
multiplexer/demultiplexer (MUX DMUX} 1318 may not only
arranges a pluraliity of pleces of data inzo one but also
add predetermined headsr informastion or the like to the
data. In additicon, at the time of the demultiplexing
process, the multiplexer/demultiplexer (MUX DMUX) 1518
may not only divide one piece of data into a plurdlity of
parts but add predetermined header information or the
like to the divided data. In other words, the
multiplexer/demultiplexer (MUY DMUX) 1518 can convert the
format of data through & multiplexing/demultiplexing
process., For example, the multiplexer/demultiplexer (MUX
DMUX) 1318 can convert the bitstream into a transport
stream that is a bitstream in the.format for transmission
or data {file data) that 1s in the file format for
recerding by multiplexing the bitstream. It is apparent
that the inverse conversion can be performed through a
demultiplexing process.

(0446}

The network interface 1519 is a dedicated interface
such as the broadband modem 1333 (Fig. 2&6) or the
connectivity 1321 (Fig. 26). The video interface 1520 is
a dedicated interface such as the connectivity 1321 (Fig.
28) or the camera 1322 (Fig. 26).

[(G447]
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Next, an example of the operation of such a video
processor 1332 will be described. For example, when a
rransport stream is received from the external network,
for example, through the connectivity 1321 (Fig. 26}, the
broadband modem 1333 {(Fig. 26), or the like, the
transport stream is supplisd to the
multiplexer/demultiplexer (MUX DMUX) 1518 through the
network interface 1519, is demultiplexed, and is decoded
by the codac engine 1516. For the image data acguired by
the decoding process perfeormed by the codec engine 1514,
for example, predetermined image processing is performed
by the image processing engine 1514, and predetermined
conversion is performed by the display engine 1513, the
resultant image data is supplied, for example, to the
connectivity 1321 {Fig. 26} or the like through the
display interface 1312, and the image is displayed on the
monitor. In addition, for example, the image data
acguired by the decoding process paerformed by the codsac
engine 1514 is re-coded by the codec engine 1516, is
multiplexed by the multiplexer/demultiplexey (MUX DMUX)
1518, is converted into file data, is cutput, for example,
to the connectivity 1321 {Fig. 26} or the like through
the video interface 1520, and is recorded on any ong of
the wvarious recording media.

[0448]

In addition, for example, fille data of coded data
that is acguired by coding the image data read from a
recording medium not illustrated in the figure by the
connectivity 1321 (Fig. 26) or the like is supplied to
the multiplexer/demultiplexer (MUX DMUX) 1518 through the

video interface 1320, is demultiplexed, and is decodsd by



10

20

30

133
SP351652W000

the codec engine 1516. For the image data acguized by
the decoding process performed by the codec engine 1516,
predetermined ilmage processing ls performed by the lmage
processing engine 1514, and a predetermined conversion is
performed by the display engine 1513, and the resultant
image data is supplied, for example, tc the connectivity
1321 (Fig. 26) or the like through the display interface
1512, and the image 1s displayed on the monitor.
Furthermore, for example, the image data acquired by the
decoding process performed by the codec engine 1516 1is
re-coded by the codec engine 1516, is multiplexed by the
multiplexer/demultiplexser [(MUX DMUX} 1518, is converted
inte a transport stream, is supplied, for example, to the
connectivity 1321 (Fig. 28}, the broadband modem 1333
(Fig. 26), or the like through the network interface 1515,
and 1s transmitted to another device not illustrated in
the figure.
104491

In addition, the interchange of image data or other
data betwaen processing units disposed within the video
processor 1332, for example, 1s performed using the
internal memory 1515 or the external memory 1312, In
addition, the power management module 1313, for example,
controls the supply of power to the contrel unit 1511,
{G45073

in a case where the present technology is applied
to the video processcr 1332 configured as such, the
present technology according to each embodiment described
above may be applied to the codec engine 1516. In other
words, for example, Tthe codec angine 1516 may be

coenfigured to include the functional blocks realizing the
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image encoding device 100 (Fig. 1) according to the first
embodiment and the image decoding device 200 {(Fig. 14)
according to the second embodiment. In addition, for
example, the codsc engine 1516 may be configured to
inglude the functional blocs realizing the image encoding
device 300 (Fig. 18) and the image decoding device 350
{(Fig. 20} according to the third embodiment. By
configuring as such, the video processor 1332 can acguire
the same advantages as the advantages described above
with reference to Figs. 1 To 18.
(04511

In addition, in the codec engine 1516, the present
technology {in other words, the functions of the image
encoding device and the image decoding device according
to each embodiment described above) may be realized by
hardware such as logic circuits, may be realized by
software such as a built~in program, or may be realized
by both the hardware and the software.
(04521

As above, while two configurations of the videco
processor 1332 have been described as examples, the
configuration of the video processor 13232 is arbitrazy
and may be a configuration other than the two
configurations described above. In addition, this wvideo
precessor 1332 may be configured by either one
zsemiconductor chip or a plurality of semiconductor chips.
For exampie, the video processor 1332 may be configured
by & threse~dimensional laminated LST in which a plurality
of semiconductors are laminated. In addition, the video
processor 1332 may be realized by a plurality of L8T7=.

(04531
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[Example of Applicaticon to Device]

The video set 1300 may bs built in various devices
that process image data. TFor example, the wvidec set 1300
may be built in the television apparatus 9006 (Fig. 22},
the mobile phone 920 {(Fig. 23}, the recording/zreproducing
apparatus 4940 (¥Fig. 24), the imaging apparatus 960 (Fig.
25}, and the like. By bullding the videc set 1300
therein, the devices can acguire advantages that are the
same as the advantages described above with reference to
Figs. 1 to 18,

[0454]

In addition, some of the configurations of the
video set 1300 described above may be configuraticns to
which the pressnt technology 1s applied in a case where
the wvideo processor 1332 is included therein. Forx
example, only the video processor 1322 may be configured
&3 a video processor to which the present technology 1is
applied. In addition, for exaﬁple, as described above,
the processor, the video module 1311, and the like
denoted by the dotted line 1341 may be configured as a
processor, a module, and the like to which the present
technology is applied. Furthermore, for example, the
video module 1311, the external memory 131Z, tThe power
management module 1313, and the front end module 1314 may
be combined so as te be configured as a video unit 1361
to which the present technology is applied. In any of

the configurations, the same advantages as those

o,

escribed above with reference to Figs. 1 to 18 can be

in other words, any configuration that includes the
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videco processor 13322, similar to the case of the video
set 1300, may be built in various devices that process
image data. For example, the video processoxr 133Z, the
processor denoted by the dotted line 1341, the video
module 1311, or the video unit 1361 may be built in the
television apparatus 200 (Fig. 22), the mobile phone 220
(Fig. 23}, the recording/reproducing apparatus 240 (Fig.
24), the imaging apparatus $£0 (Fig. 25), and the like.
By building any configuration to which the present
techneclogy is applied therein, similar to the case of the
video set 1300, the devices can acguire the same
advantages as those described above with reference ko
Figs. 1 to 18.

[0456]

4

n this specification, an example has been
described in which varicus kinds of information such as
the reference list selectlion flag is multiplexed in a
coded stream and is transmitted from the coding side to
the decoding side. However, a technigque for transmitting
such information is not limited o such a technigue. For
exsmple, such information may be fransmitted or recorded
as individual data associated with a coded kit stream
without being multiplexed in the coded stream. Here, the
term “associated” represents that an image (1t may be a
part of an image such as a slice, block, or the like)
included in a bit stream and information corrssponding to
the image may be linked to each other at the time of
decoding the image and the information. In other words,
the information may be transmitted in a transmission line
other than that of the image {or the bit stream}. In

addition, the information may be recorded on a recoding
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medium other than that for the image (or the bhit stream)
(cr & different recording area of the same recording
mediur) . Furthermore, the information and the image {(or
the bit stream), for example, may be assocliated with sach
other in units of arbitrary parts such as multiple frames,
one frame, or a part of the frame.

[(0457]

While preferred emboediments of the present
discleosure have been described in detall with reference
to the accompanying drawings, the technical scope of the
present disclosure is not limited to such examples. It
is apparent that a person having ordinary knowledge in
the technical field of the present disclosure can devise
various changes or modificaticons within the scope of the
technical idea described in the claims, and, naturally,
it is understood thaif such changes and modifications
belong to the technical scope of the present disclosurs.
[04581

In addition, the present technology may employ a
configuration described as below.

{1) An image processing device including:

a decoding unit that generates an image by decoding
a bit stream;

a reference list setting unit that sets a reference
list being referred to when the image generatad by the
decoding unit is predicted by inserting a reference image
that can be referred to in a layer direction betwsen a
plurality of reference images that can be referred to in
a time direction; and

a prediction unit that predicts the image generated

by the decoding unit by referring to the reference list
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set by the reference list setting unit.

{2) The image processing device according to {1},
wherain the reference list settlng unit sets the
reference list by inserting the reference image that can
be referred to in the layer direction between a reference
image located before the image in time and a referencs
image located after the image in time among the plurality
of reference images that can be referred to in the time
direction.

{2) The image processing device according to (2j,
wherein the reference list setting unit sets the
reference list by arranging images in a direction L0 in
order of reference lmages located bkefore the image in
time, the reference image that can be referred to in the
layer direction, and reference images located after the
image in time.

{4) The image processing device according te (2},
wherein the reference list setting unit sets the
reference list by arranging images in a direction L1 in
order of reference ilmages located after the image in time,
the reference image that can be referred to in the layer
direction, and reference images located before the image
in time.

(B} The image processing device according to (1),
wherain the reference list setting unit sets the
reference list by alternately arrvanging the reference
image that can be referred to in the time direction and
rthe reference image that can be referred to in the laver
direction.

{6} The image processing device according to (5),

wherein the reference lisi setting unit sets the
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reference list by alternately arranging an elemsnt of a
list of the reference images that can be referred to in
the time direction set in order of the reference lmages
located hefore the image in time and the reference images
located after the image in time and an element of a list
of the reference images that can be referred to in the
layer direction, which is configured by the reference
images that can be referred to 1n the layer direction, in
a direction LG.

{7} The image processing device according to (5},
wherein the reference list setting unit sets the
raeference list by alternately arranging an element of a
list of the reference images that can be referrsed to In
the time direction set in order of the reference images
located after the image in time and the reference images
located before the image in Time and an element of a list
of the reference images that can be referred to in the
layer direction, which is configured by the reference
images that can be referred to in the layer direction, in
a direction Li.

{8) The image processing devige according to any of
{1} to (7}, wherein the reference list setting unit sats
the references list by inserting the reference images that
can be referred to in the layer direction in a direction
L1 with order of the reference image that can be refisrrad
to in the layer direction being cpposilite to that of the
case of a direction LO.

{9} The image processing device according to any of
(1} te (8), wherein the reference list setting unit
inciludes:

a tempeoral list setting unit that sets & tempcoral
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list that is a temporary list used for setting the
reference list by inserting the reference image that can
he referred to in the layer divectlon between the
plurality of reference images that can be referred to in
the tilme direction; and

a reference image list setting unit that sets the
reflerence list based on the temporal ligst set by the
temporal list =setting unit.

{10) An image processing method implemented in an
image processing devige, the image processing msthod
including:

generating an limage by decoding a bit stream;

setting a refersnce list being referred to when the
generated image is predicted by inserting a references
image that can be referred to in a layer direction
between a plurality of reference images that can be
referred to in a time direction; and

predicting the generated image by referring tc the
set reference list.

{11} An image processing device including:

a reference list setting unit that sets a reference
list being referved to when an image is predicted by
inserting a reference lmage that can be referred to in a
layer direction petween a plurality of reference images
that can be referred to in a time direction;

a prediction unit that predicts the image by
referring to the reference list set by the reference list
setiing unit; and

an encoding unit that generates a blt stream by
performing coding using the image predicted by the

prediction unit.
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{12} The image processing device according to (11},
wherein the reference list setting unit sets the
referance list by inserting the reference image that can
be referred to in the laver direction between a reference
image located before the image in time and a reference
image located after the image in time among the plurality
of reference images that can be referred to in the time
direction.

{13) The image processing device according to {12},
wherein the reference list setting unit sets the
reference list by arranging images in a direction LO in
order of refesrence images located before the image in
time, the reference image that can be referred te in the
layer directicn, and raference images located after the
image in time.

{14} The image processing device according to (127,
wherein the reference list setting unit sets the
reference list by arranging images in a direction L1 in
order of reference images locataed after the image in time,
the reference image that can be referred to in the laver
direction, and reference images located before the ilmage
in time.

{(i5) The image processing device according to (11},
wherein the reference list setting unit sets the
reference list by alternately arranging the reference
image that can be referred to in the time direction and
the reference image that can be referred to in the lavyer
direction.

{16) The image processing cdevice according to (15},
wherein the reference list setting unit sets the

reference list by alternately arranging an element of a
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list of the reference images that can be referred to in
the time direction set in order of the raference images
located before the image in time and the reference images
located after the image in time and an element of a list
of the reference images that can be referred to in the
layer direction, which is configured by the reference
images that can be referred to in the layer direction, in
a direction LE.

(17) The image processing device according to (15),
wherein the reference list setting unit sets the
reference list by alternately arranging an element of a
iist of the reference lmages that can be referred to in
the time direction set in order of the reference images
iocarted after the image in time and the reference images
located before the image in time and an element of a list
of the reference images that can be referred to in the
layver direction, which is configured by the reference
images that can be referred to in the layer direction, in
a direction L1.

{18} Ths image processing device according to any
of (11) to (17), wherein the reference list setting unit
sets the reference list by inserting the reference images
that can be referred to in the layer direction in a
direction L1 with order of the reference image that can
be referred to in the laver directicn being copposits to

£

ion LO.

o

that of the case of a direc
{19) The image processing device according Lo any

of {11} to (18), wherein the reference list setting unit

a temporal list setting unit that sets a temporal

list that is a temporary list used for setting the
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reference 1lst by inserting the reference image that can
be referred to in the layver direction between the
plurality of reference images that can be referred to in
the time direction; and

a reference image list setting unit thai sets the
reference list based on the temporal list set by the
temporal list setting unit.

(20} An image processing method implemented in an
image processing device, the image processing method
including:

setting a reference list being referred to when an
image is predicted by inserting a reference image that
can be referred to in a laver direction between a
plurality of reference images that can be referred to in
a time direction;

predicting the imags by referring to the set
reference list; and

generating a bit stream by performing coding using

the predicted image.

REFERENCE STGNS LIST

(04591

166 Image encoeding device

166 Lossless encoding unit

115 Motion parallax prediction/compensation unit
121 Syntax processing unit

122 Reference listT generating unit

131 Reference image setting unit

132 Temporal list generating unit

133 Reference image list generating unit
200 Image decoding device
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Lossless decoding unit

Motion parallax prediction/compensation unit
Syntax procsssing unit

Reference list generating unit

Reference image setting unit

Temporal list generating unit

Reference image 1lst generating unit

Image sncoding device

Image decoding device
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1. An image processing device comprising:

a decoding unit that generates an image by decoding a bit
stream;

a reference list setting unit that sets a reference list
being referred to when the image generated by the decoding
unit ig predicted by inserting a reference image that can be
referrad to in a layer direction between a plurality of
reference images that can be referred to in a time direction;
and

a prediction unit that predicts the image generated by
the decoding unit by referring to the reference list set by
the reference list setting unit,

wherein the reference list setting unit sets the
reference list by inserting the reference image that can be
referred to in the layer direction between a reference image
located before the image in time and a reference image located
after the image in time among the plurality of reference

images that can be referred to in the time direction.

2. The image processing device according to claim 1, wherein
the reference list setting unit sets the reference 1list by

arranging images in a direction LO in order of
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reference images located before the image in time, the
reference image that can be referred to in the layer direction,

and reference images located after the image in time.

3. The image processing device according to claim 1, wherein
the reference list getting unit sets the reference list by
arranging images in a direction L1 in order of reference
images located after the image in time, the reference image
that can be referred to in the layer direction, and reference

images located before the image in time.

4, The image processing device according to claim 1, wherein
the reference 1list getting unit sets the reference list by
alternately arranging the reference image that can be referred
to in the time direction and the reference image that can bke

referred to in the layer direction.

5. The image processing device according to c¢laim 4, wherein
the reference list setting unit sets the reference list by
alternately arranging an element of a list of the reference
images that can be referred to in the time direction sget in
order of the reference images located before the image in time
and the reference images located after the image in time and
an element of a 1list of the reference images that can be
referred to in the layver direction, which is configured by the
reference images that can be vreferred to in the layer

direction, in a direction LO.

6. The image processing device according to claim 4, wherein
the reference 1list getting unit sets the reference 1list by
alternately arranging an element of a list of the reference

images that can be referred to in the time direction
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get in order of the reference images located after the image
in time and the reference images located before the image in
time and an element of a list of the reference images that can
be referred to in the layer direction, which is configured by
the reference images that can be referred to in the layer

direction, in a direction Li.

7. The 1mage processing device according to claim 1, wherein
the reference 1ligt setting unit sets the reference list by
inserting the reference images that can be referred to in the
layer direction in a direction LI with order of the reference
image that can be referred to in the layer direction being

opposite to that of the case of a direction LO.

8. The image processing device according to claim 1, wherein
the reference list setting unit includes:

a tewmporal 1list setting unit that sets a iemporal list
that 1is a temporary 1list used for setting the reference list
by inserting the reference image that can be referred to in
the layer direction between the plurality of reference images
that can be referred to in the time direction; and

a reference image 1list setting unit that sets the
reference list based on the temporal list set by the temporal

ligt setting unit.

9. En image processing wmethod implemented in an image
processing device, the image processing method comprising:
generating an image by decoding a bit stream;
setting a reference 1list being referred to when the
generated image 1is predicted by inserting a reference image
that can be referred tec 1in a layer direction between a

plurality o¢f reference images that can be referred tec in a
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time direction; and

predicting the generated image by referring to the set
reference list,

wherein the step of setting the reference list sets the
reference list by inserting the reference image that can be
referred to in the layer direction between a reference image
located before the image in time and a reference image located
after the image in time among the plurality of reference

images that can be referred to in the time direction.

10. The image processing method according to claim 9, wherein
the step of setting the reference list sets the reference list
by arranging images in a direction L0 in oxder of reference
images located before the image in time, the reference image
that can be referred to in the layer direction, and reference

images located after the image in time.

11. The image processing method according to claim ¢, wherein
the step of setting the reference list sets the reference list
by arranging images in a direction L1 in order of reference
images located after the image in time, the reference image
that can be referred to in the layer direction, and reference

images located before the image in time.

12, The image processing method according to claim 9, wherein
the step of setting the reference list sets the reference list
by altermately arranging the reference image that can be
referred to in the time direction and the reference image that

can be referred to in the layer direction.

i3. The image processing method according to c¢laim 12,

wherein the step of setting the reference 1list sets the
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reference list by alternately arranging an element of a list
of the reference images that can be referred to in the time
direction set in order of the reference images located before
the image in time and the reference images located after the
image in time and an element of a list of the reference images
that can be referred to in the layer direction, which is
configured by the reference images that can be referred to in

the laver direction, in a direction LO.

14. The image processing method according te claim 12,
wherein the step of setting the reference 1list sets the
reference ligt by alternately arranging an element of a list
of the reference images that can be referred to in the time
direction set in order of the reference images located after
the image in time and the reference images located before the
image in time and an element of a list of the reference images
that can be referred to in the layer direction, which is
configqured by the reference images that can be referred to in

the layer direction, in a direction LI1.

15. The image processing method according to claim 2, wherein
the step of setting the reference list sets the reference list
by inserting the reference images that can be veferred to in
the layer direction in a direction L1 with order of the
reference image that can be referred to in the layver direction

being opposite to that of the case of a direction LO.

16. The image procesgsing method according to claim 9, wherein
the gtep of setting the reference list includes:

setting a temporal list that is a temporary list used for
setting the reference list by inserting the reference image

that can be referred to in the layer direction between the
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plurality of reference images that can be referred to in the
time direction; and
setting the reference list based on the temporal list set

by the temporal list setting unit.



